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Abstract; 
Using a s l id ing spark source, Yttrium spectrum was recorded 
for us by Dr J .O. Ekberg of Lund (Sweden) on Prof. B.Edl^n's 5-m grazing 
incidence spectrograph from about 130-440A . Five of the eleven p la tes 
taken covered the spectral region around 130-260A0, four 260-440A0 and 
two 190-270A . These spectrograms were measured on an Abbe Comparator 
at Aligarh. Wave lengths were calculated on our IBM 1130 by using a 
2-degree polynomial with l e a s t square f i t t i n g s ; further refinements 
were made graphically using 0 I I I , IV, V, VI and Al IV, V as references. 
Different stages of ionization present were separated by a careful study 
of the l ine in t ens i ty var ia t ion as a function of inductance introduced 
in the spark c i r c u i t . A l i s t of about one thousand l i n e s belonging to 
the different spectra of Yttrium, namely, Y IV, Y V, Y VI and Y VII has 
been compiled. Transi t ions 4p - 4p ns (k = 6, 5/4*3) for each n}/ 5 
and 4p - 4p "* nd (for each n >/ 4) > belonging t o Y IV, Y V, Y VI and 
Y VII have been worked out and reported. The ionizat ion po ten t ia l s for 
these spectra are determined spectroscopically. Kr I , Br I - , Se I - and 
As I - isoelectronic sequences have been reviewed up-to-date. 
Abstract of each spectrum analyzed i s given below separately:-
Y IV : Kr I-sequence 
1 3 Sixteen t r ans i t i ons t o the ground l eve l from ns ' P (n = 5-7), 
nd \ (n = 4-6), nd 3£| (n = 4-6), nd % (n = 4-5) and 4s 4p 5p A,h 
have been reported. The ionization poten t ia l 4p Sn " ^ 3/2 i s 
evaluated to be 489 360 cm with the help of the s t ra ight ns and nd 
Rydberg se r i e s . 
Y V : Br I-sequence 
Sixty-eight energy levels of the 4s 4p ns ( n ^ 5) and 4s 4p ad 
(n^-4) have been reported. Transitions to the ground leve l from 5d, 6d, 
and 6s, 7s leve ls of Y V are identif ied for the f i r s t time; those from 
4d, 5s leve ls , reported ea r l i e r , are confirmed. The f i f th ionization 
poten t ia l of Yttrium, i . e . 4p ^-i/o " 4P pp i s e v a l u a " t e d £rom ^e s t ra ight 
ns and nd Rydberg ser ies , with the help of 3-parameter Ritz formula, as 
604 700 cm ; the ionizat ion potent ia l for Sr IV i s revised to be 446« 2kk 
by compearing the ionizat ion po ten t i a l along the period. 
Y VI : Se I-sequence 
Y VI has been studied for the f i r s t t ime. All the fi-ve l eve l s 
of the ground configuration 4p and a l l the ten 5s, along with eighteen 4d, 
eight 5d, seven 6s and two 7s, bui l t on the 4p core, have been determined. 
The ionization poten t ia l 4p 
S3/2 c o m e s o u t t o ^ 7 2 0 1 0 ° c m * 
Y VII : As I-sequence 
The spectrum emitted by six-times-ionized Yttrium atom has been 
3 
studied for the f i r s t time. All the five 4p ground l eve l s , a l l the eight 
4p 5s and twenty-four out of twenty-eight 4p 4d l eve l s have been found out . 
o / 2 3 
The ionization potential. 4p S3/0 ~ 4p P« of I VII i s estimated to be 
103.6 eV, I soelectronic comparison reveals t ha t a l l the reported 1$. and 5s 
levels for Kr I I I should be revised. The ionizat ion po ten t i a l for Zr VII 
i s re-estimated to be 900 kk. 
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C H A P T E R I 
I N T R O D U C T I O N 
1.1 RELEVANCE; 
Nature has provided a powerful t oo l for probing into 
the outer s t ructure of atoms through the medium of op t i ca l spectra. 
The radia t ion from different atoms and ions produced by various l igh t 
sources, such as an e l ec t r i c arc, a discharge lamp, a s l id ing spark 
or a plasma, when examined with the spectroscope reveals the proper t ies 
of the valence e lectrons . The secret of t h i s method l i e s in the fact 
t ha t the spectrum of each atom or ion i s unique - i t i s a pat tern of 
l i n e s whose wave-lengths and r e l a t ive i n t e n s i t i e s are character is t ic ." 
of tha t and tha t atom or ion only. 
The need for improve^,extended and new analyse* of 
atomic and ionic spectra continues to increase. The rapid develop-
ment in space technology i s one of major causes of t h i s indeed. As a 
r esu l t of detai led spectral s tudies , as many as two-third of c l a s s i -
ca l l y known 92 elements have been de f in i t e ly ident i f ied in the sun. 
Some elements have t h e i r strongest l i n e s in spectra l region inacces-
s ible from the e a r t h ' s surface, so tha t t h e i r iden t i f i ca t ion was 
long in question. However, u l t r a v i o l e t spectra obtained by means of 
rockets and s e t e l l i t e s removed some of the uncer ta in t i es and contributed 
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new iden t i f i ca t ions . Tousey (65,66) and Hinteregger (33) have employed 
rockets to extend our knowledge of the f a r -u l t r av io le t solar spectrum. 
Many gaps s t i l l exis t in our knowledge of atomic spectra. 
I t i s real ized tha t even the spectra emitted by the di f ferent ioniza-
t i on stages of the elements of the f i r s t t r a n s i t i o n period, pa r t i cu la r ly 
Fe, Ni, Ti , whose abundance i s remarkable in the universe, are incomp-
l e t e l y observed and analysed. 
Elements of the second t r ans i t i on period are l e s s abundant, 
although elements l ike Y, Zr, Mo e t c . have been obser-ved i n solar and 
s t e l l e r spectra in the form of neutra l or ionized atoms, or in mole-
cules . They are a l i t t l e more complicated than those of Fe period and 
much l e s s than those of the rare ea r ths . The spectroscopic studies of 
neut ra l and ionized ra re ear thr atoms ha\te become important recently, 
because of t h e i r application to semi-conductors and other forms of 
solid s ta te physics devices. Studies of the elements in second t r a n s i -
t i o n period, therefore, const i tuted a necessary bridge tha t leads t o 
the completion of spectroscopic s tudies of atoms, i n addition to 
whatever e l s e . 
In the present work, I have studied the emission spectrum 
of Yttrium (Z=39) in the wave length region 124 to 440 A0 and analysed 
3 
the Yttrium spectra, Y IV, Y V, Y VI and Y VII, t ha t are iso electronic 
with Kr I , Br I , Se I and As I . These spectra, along with the i s o -
electronic sequences they belong t o , wi l l be described and discussed 
in ful l d e t a i l in the following chapters . 
1.2 EXPERIMENTAL TECHNIQUE: 
1.21 RECORDING OF THE SPECTRA; 
The Yttrium spectrum was kindly recorded for us on 
I l ford Q2 p la tes by Dr. J . 0 . Ekberg of Lund, on Prof. Edlens' 5-m 
grazing incidence spectrograph from about 124 to 440 A . Sparks 
between two Yttrium electrodes in about 10 t o r r . pressure were slided 
over alumina (Alg 0..) in a Vodar Astoin source (67) developed further 
by Bockasten (2) and Palenius (43) sparking voltage was of the order 
of 20 kV and the spark gap about 4 mm. Total inductance of the spark 
c i r cu i t was about 0.3 JUF and the minimum inductance of the order of 
nH. This introduced on the recorded spectrograms l i n e s of 0 I I , I I I , 
IV, V, VI and A1 IIL IV, V, VI (21, 60) as useful references to measure 
the wave lengths and to ver i fy the in tens i ty behaviour of l ines coming 
from separate ioniza t ions . Additional co i l s , one to five in number, 
were introduced in steps into the spark c i r cu i t i n order to separate 
the ionization stages by the l i n e in tens i ty var ia t ion as a faction of 
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the t o t a l inductance in the spark c i r c u i t . 
Five of the eleven p l a t e s taken covered the spectral 
region about 12^260Ao, four 260-440A0 and two 190-370A0. Therefore 
most of the l i n e s could be measured on five or more records independently. 
1.22 MEASUREMENTS: 
We have measured the spectrograms on an Abbe Comparator 
and calculated the wave lengths on the IBM 1130 of the Aligarh Muslim 
University, using a 2-degree parabolic r e l a t ion . Every spectrogram 
was measured five times and the independently calculated wave lengths 
were compared and averaged. The calculated values are then improved 
by Least Square P i t t ing , developed by our colleagaes with the help 
of Mr. Q« N. Usmani. Final refinements are made graphically accoring 
to the method of Edlen as described by Svensson and Ekberg (62). 
The values f ina l ly adopted are supposed to be acaurate t o 0.003A0, 
t ha t corresponds t o 5 cm. around 250A°. 
1.23 SEPARATION OF IONIZATION STAGES; 
For ionized atoms, the proportion of the spectrum tha t 
f a l l s below 2000 A° increases rapidly with increasing stage of ioniza-
t ion , tbsrwave length of corresponding l i nes of isoelectronic ions 
being for the main par t inversely proportional to the effective charge 
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(Edldh 22, p . 1#1). Spectral l i n e s belonging to many ionizat ion stages 
overlap in the f a r -u l t r av io le t region, as a consequent. 
Different stages of ionizat ion of Yttrium (Y IV, Y V, Y VI and 
Y VII) present on our spectrograms are separated out experimentally by 
observing the in t ens i ty var ia t ion of every individual l i n e as a 
function of the inductance in the spark c i r c u i t . In tens i ty figures 
we recorded (Table 6.1), are the v isua l estimates of the photographic 
blackening. 
Lines shoving pe r s i s t en t in tens i ty on a l l spectrograms, 
with any amount of ex t ra inductance, are c lass i f i ed as belonging to 
Y IV. I t was d i f f i cu l t t o d is t inguish between the l i n e s of Y IV and 
Y V, but a careful observation revealed tha t i n t ens i t y of the Y V 
l i n e s f a l l s a l i t t l e faster than tha t of Y IV l i n e s . The l i nes 
belonging to the s ix th spectrum of Yttrium (Y VI) showed a rapid f a i l 
in in t ens i ty as the spark c i r cu i t inductance was systematically 
increased, mostly disappearing un*the fourth and f i f th co i l i , The l i n e s 
c lass i f ied as Y VII are faint in generalj the stronger ones . fainted 
out too when three or more addit ional c o i l s were introduced in the 
spark c i r c u i t . Only a few strong l i n e s of Y VII appeared with three 
co i l s in the spark c i r c u i t . 
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1 • 3 COWAN'S THEORETICAL STUDY OF THE SPECTRUM: 
Dr, R. D. Cowan (Las Alamos) very generously supplied to 
us detai led theore t i ca l s tudies of the spectra concerned. His adapted 
Hartree method of computing the exci ta t ion and ionizat ion energies as 
well as the gf and gA values of the t r a n s i t i o n s involved i s too well-
known (17, 18) to be described here. He has furnished us with t a b l e s , 
t ha t include leve l energies, wave numbers and wave lengths of t r a n s i -
2 
t i ons , as well as the s, s , gf and gA factors concerned. Pur i ty of 
l eve l s having the same J-values in individual configurations has been 
calculated for various couplings, i . e . LS, j j and jK, LK. This means 
tha t in terac t ions within a configuration are taken into account. 
Dr. Cowan has also provided us, through his micro-films, computed sketches 
of the predicted spectra and the theo re t i ca l parameters f ina l ly adapted 
in his ca lcula t ions . 
A sample of his ca lcula t ions , and a l l the theore t i ca l 
parameters concerning the spectra here reported are appendixed. 
C H A P T E R I I 
FOURTH EMISSION SPECTRUM OF YTTRIUM: Y IV 
(Kr I-SEQUENCE) 
The spectrum tha t t r i p l y ionized Yttrium emits i s 
isoelectronic with Kr I . Previous knowledge of the Kr I - l i k e spectra 
remained ra ther poor, except of course in the case of Kr I . For the 
r e s t of the sequence, only two previous s tudies existed, one on Rb I I 
by Laporte et a l . (36) and one on Nb VI and Mo VII by Charles (16), the 
l a t t e r being fragmentary. 
In 1969; Chaghtai (4) reported energy leve l s of Zr V 
for the f i r s t time, improving and extending Charles analyses of Nb VI 
and Mo VII* He reported deta i led analyses of Zr V, Nb VI and Mo VII 
immediately afterwards (5 ) . The l a s t work to appear on these spectra 
i s by Reader et a l . (56)^who extended the work of previous authors on 
4p nd ( n \ , 4 ) , ns ( n \ 5) levels (J = 1\ and reported for the f i r s t 
time the l eve l s 4s 4p 5p 1P in Zr V, Nb VI and Mo VII, along* WA& 
4s 5p 3P in Mo VII. 
These studies of Zr V to Mo VII spectra not only determined 
re l i ab ly the l eve l s of those spectra accessible from the ground leve l , 
but also led t o revised and new analyses^Rb I I , Sr I I I and Y IV, 
In 1970 Reader and Epstein (53) reported resonance l i n e s of Rb I I and 
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Sr I I I , and a year l a t e r , they revised the analysis of Rb I I (29). 
On Sr I I I many studies have appeared recent ly; t ha t of Reader and 
Epstein on nd and ns configurations (53)> t ha t of persson and Valind 
on 4d-4f t r ans i t i ons (46) and t h e i r very in te res t ing paper on the 5g, 
6g, 6h configuration as well as s-f and p-g t r a n s i t i o n s resu l t ing 
from weak s-d and strong p- f interaction<4(47). 
As regards Y IV, Epstein and Reader f i r s t reported the 
4d,5s 
five exci ted/ levels with J=1 (28) in 19&9. Two papers were then 
simultaneously presented on Y IV at the 1971 EGAS Conference by us 
(14) and by Ekberg and Reader (24) J t h e i r s included a l l the i soe lec t -
t ronic spectra from Sr I I I to Mo VII. Subsequently, we published an 
analysis of Y IV (15) in Indian J . Phys., and Reader e t a l . in 
J . Opt. Soc. Am. (56) . 
The l a s t work on Kr I-sequence has appeared on Ru IX, 
Rh X, Pd XI and Ag XII by Even-Zohar and Prankel (30) . 
2.1 STRUCTURE OF Y IV: 
In neutra l atoms of rare gases and isoelectronic ions, 
the energy leve ls for every combination n occur in two groups corres-
ponding t o the two J-values 3/2 and 1/2 of the core. The s t ructure 
within each of these groups a r i se s from the in te rac t ion ^^ngular and 
spin momenta 1 and s of the outer electron with the t o t a l angular 
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momentum J of the core. As n increases , t h i s in terac t ion weakens and 
the levels* which form groups of 2 and 2 in ns, 6 and 4 in np, 8 and 4 
in nd, <nf e t c . , come closer to each other and f ina l ly coalesce t o form, 
for each n, only two d i s t i nc t l e v e l s , corresponding t o the l eve l s T'-j/o 
and *TP /„ of the core np . 
In the case of neut ra l or singly ionized atoms, the t r an-
s i t i o n s between various n-groups permit a large par t of t h i s complex 
l eve l s t ructure to be observed. But in highly ionized atoms, as in the 
present study, the observations are often l imited to t r ans i t i ons to the 
ground l eve l 4s 4p S . The res t ruc t ion to J=1 for the upper l eve l 
makes the observed spectra very simple, consis t ing of two t r a n s i t i o n s 
from ns and at most three from nd for every n (F ig .2 .1 ) . In a l l , 
there are five levels in the 4p 4*> 5s group tha t can, therefore , 
make e lec t r ic -d ipole t r ans i t i ons to the ground stage. Because of very 
high binding energy of the c losed-shel l 4p configurations, these five 
resonance l i n e s l i e in the vacuum u l t r a v i o l e t . The s i tuat ion i s shown 
sehematScalljan F ig .2 .1 , where the s t ruc ture of 4p 4d, 5s for Y IV : ._ 7 
/DJ\ plot ted and the five expected t r a n s i t i o n s to the ground l eve l 
6 1 4p S^ are indicated, 
o 
The LS coupling i s usual ly a poor approximation for the 
spectra here concerned. The pa i r coupling jK (20) used in the 
Fig. 2 . 1 : Theoretical ..energy s t ructure of L& 5s and 
4d configurations as calculated by Cowan.Level 
energy E (kK = 1000 cm. ) i s p lot ted against 
J . 5s l eve l s are shown with broken l i n e s , 4d 
sol id. Resonance l i n e s are -^r*wn (See ref. 55), 
10 
"Atomic Energy Levels" (41) i s in general more adequate, but a mixed 
si tuat ion often p reva i l s . 
2.2 TRANSITION ASSIGNMENTS: 
Despite the recent publications on Y IV as mentioned above, 
there remains much t o say and t o do about even the resonance t r ans i t i ons 
in t h i 3 spectra. The present s i tuat ion can be comfortably explained 
in terms of group of five t r a n s i t i o n s from 4d and 5s, 5d and 6s e t c . t o 
the ground l eve l . The f i r s t group of t r a n s i t i o n s from the l eve l s 4d> 
P-> D , P and 5s ' P, as reported by Reader and Epstein should be 
taken as confirmed without any doubt. In the second group, consis t ing 
of t r ans i t i ons from 5d and 6s, only two l i n e s were common between our 
ident i f ica t ions (14> 15) and those of Reader et a l . (56); we c l a s s i -
1 3 fied them as t r ans i t i ons from 6s ' P.., while Reader et a l . c l ass i f i ed 
1 3 
them as t r ans i t ions from 4d P1> D1 , supporting t h e i r case with 
the help of a sensi t ive isoelectronic plot making t r a n s i t i o n s from 6s 
almost horizontal . We, therefore, re-examined the s i tua t ion thoroughly. 
We came to conclude tha t out of the other three l i n e s tha t Reader et a l . 
a t t r ibuted t o t h i s group, two are absent from our l i s t al together and 
the th i rd (272.405A ) cannot be c lass i f ied as I IV on the consideration 
of i t s in tens i ty var ia t ion with addit ional inductance in t he spark 
c i r c u i t . I t i s further notices that the only five l i nes t ha t can be 
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class i f ied as Y IV and l i e in the spec t ra l region are the only ones we 
report in Table 6.1 at 255.486, 260.048, 264.646, 267.488 and 273.030A0. 
We conclude from isoelectronic comparison (Fig.2.2) tha t our i d e n t i f i -
cation of the l ines at 264.646 and 273.030A0 as from 6s y ' P1 s tands, 
and tha t the other three l i n e s represent t r a n s i t i o n s from 5d l eve l s 
which are displaced towards shorter-wavelengths. 
Next comes the group of t r a n s i t i o n s from the 6d and 7s 
l e v e l s . The only l i ne common between our iden t i f i ca t ions and those of 
Reader et a l . i s at 242.305A , whose assignments d i f fe r a l so . In the 
region of wave lengths 229-242A , ws i so l a t e on our spectrograms six 
Y IV lanes, as given in Table 6 , 1 . Here too , we find t h a t the t r a n s i -
t ions from 7s ^Pj. agree with Cowan1 s t heo re t i ca l ca lcula t ions , as 
1 3 
well as isoelectronic p lo t s , whereas those from 6d P and D are 
displaced towards shorter wave lengths, as in the case of 5d. We f a i l 
3 
to assign the faint t rans i t ion ; from 6d P . 
The remaining two l i n e s of X IV in the region, we assign 
6 ' 1 ^ 
to t r a n s i t i o n s from 4s 4p 5p , > P l e v e l s . Reader et a l . have assigned 
both these t r ans i t i ons in case of Mo VII and only tha t from 4s 5p P.. 
in Zr VI and Nb VII. Examining our Mo p la tos careful ly we could 
confirm t h e i r assignment from 4s 5p P1 at 128.145A0, but revise tha t 
S- i 
* 3 i v ».' t v n T T * ^ 
2.2: Kr I isoelectronic sequence for 4p ns (n^5) , 
nd ( a^4 ) , 4s 4p6 5p 1 , 3P levels (J = 1) and 
the ionization potentials. Cj i s the net charge 
of the atomic core. 
1 2 
from 4s 5p P., t o be actual ly s i tuated at 126.002A . We then observe 
that 4s 4P S - 4s 4p 5p P., t r a n s i t i o n s involve An=+1, 1=1. 
6 5 Their isoelectronic p lo t s should, therefore , be p a r a l l e l t o 4p -4p 5d 
t r a n s i t i o n s . When we join our l eve l s in Y IV t o the corresponding ones 
in Mo VII, (Fig. 2,2) t h i s condition i s s a t i s f i ed . We, therefore , confirm 
•i 
our assignments in Y IV and revision in Mo VII, dropping out t h e 5p P1 
ident i f ica t ions of Reader et a l . in Zr V and Nb VI, t ha t v io la te t h i s 
c r i t e r i o n . 
As regards in teract ions responsible for t he displacement 
i 
of nd leve ls , i t i s immediately evident t h a t the nd P leve l s of 
different n in terac t with each other. This explains the displacement 
1 
of 4d P1 downwards, as observed in Y IV as well as in analogous spectra 
1 
of the f i r s t t r ans i t ion period, the P1 l eve l s from 5d, 6d are consequently 
observed in Y IV to be raised . I t i s d i f f i c u l t t o explain the upward 
3 
displacement of the D l eve l s of 5d and 6d. We leave the in te rpre ta t ion 
1 3 
as an unsolved problem, except t ha t , according to Cowan, P . , V l e v e l s 
1 3 
are thoroughly mixed together for every ns , and so are the P , D l eve l 
for every nd from 5d onwards (Table 2 . 1 ) . 
2.3 IONIZATION ENERGY: 
The ionization energies of the Y IV spectrum were determined by 
5 
calculat ing the l i m i t s of various 4p nd and ns s e r i e s . Three of 
/ T O O O C p 
these ser ies , 4p hs P.., nd D and nd P converge to the 4p T* 3/2 
13 
1 
ground s t a t e of the Br I - l i k e ion. The other two se r i e s , ns P and 
nd P converge to the 4p ^ - i / o l ° v e l • 
Series l imi t has f i r s t been calculated with a 2-parameter 
Ritz formula %= «(+ B£ according to the method of Bdlen (23, p . 124) for 
the five available Rydberg s e r i e s . A good agreement i s found as shown 
in Table 2 .2 . The quoted value i s then obtained with a 3-parameter 
formula 5= °^- JB£ +Y£ applied to the smooth ns P.. and nd *T> s e r i e s . 
In order to calculate the second l imi t of Y IV the 4p r~/o - 2P , 
if* 1/2 
value of 12460 cm i s taken from Epstein and Reader (52) in confirmation 
with E l l en ' s (23) e a r l i e r in terpola t ion 12470 + 20 cm] 
The present value of ionizat ion energy, 489360 + 100 cm. 
for 4p Po/p f^3 n icely in the i soelect ronic p lo t s (F ig .2 .2 ) . 
The Rydberg ser ies p lo t ted in Pig.2 .3 show smooth 
3 3 3 
re la t ions for ns P.. and nd H? , JQ l e v e l s . The i r r e g u l a r i t y we not ice 
in the ft-plots ( £* n-n*) for ns P.. and nd P 1 , on the enlarged scale 
used, i s probably due to the fact tha t these se r i e s are not purturba-
1 1 
t ion - f r ee . The case of nd P l eve l s i s discussed above; the 7s P.. 
6 1 
can possibly be purturbed by 4s 4p 5p P- l e v e l . 
V I V 
RYoeew-SERIES 
T<HK) 
Ttt I&T loo 
Fig. 2 .3 : ns and nd Rydberg-series of I IV. 8(*=n-n*) i s 
the quantum defect , plot ted against term value, 
T(kK) for n=4,5,6 and 7. 
4p5 5d 
4p 5 6d 
4p 5s 
4p 5 6s 
\i 
Table 2*1 
4 6 l g 
4 P 5 & 
\ 
\ 
V 
ENERGY 
Leve l 
HCm""1) 
0 
211 372 
235 281 
281 001 
LEVELS OP Y IV 
T H E OR 
Level 
ftCm"1) 
0 
210 616 
234 470 
293 648 
Y 
LS Purity 
% 
98.0 
98.0 
1 0 0 . 0 
373 849 
384 544 
391 414 
258 512 
269 959 
359 386 88*3 
366 008 57.8 
377 267 59.3 
424 836 
434 660 
424 074 
412 656 
4 6 . 2 
56 .3 
259 201 50.4 
+ 
270 562 50.4 
366 260 
377 863 
379 445 
367 590 
62.4 
+ 
62.4 
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4 p 5 l j 
\ 
\ 
A A 6 K 3 _ 
4s 4p 5p P. 
\ 
Limit I 
I I 
4P6 
4P 5 
412 703 
422 617 
425 082 
435 235 
1/2 
489 360 
501 820 
425 143 
413 074 
-
* • * 
+ 100 
64 .0 7 
64 .0 J 
. -
— 
C m - 1 
1 6 
TABLE 2.2 Y IV i MTTAILS OF LIMIT CALCULATIONS 
SERIES VALUE (On ) HEMABKS 
n» XPX 496 663 LIMIT II 
ns V 489 454 « I 
nd 3D 489 264 " I 
nd V 505 936 » II 
C H A P T E R - I I I 
THE FIFTH SPECTRUM OP YTTRIUM: Y V 
(Br I-SEQUENCE) 
3.1 REVIEW OF THE SEQUENCE 
The four-times-ionized Yttrium atom, Y V, i s i soelect ronic 
with Br I and thus has a halogen-like energy l eve l s t ruc ture . Br I 
i s described in the "Atomic Eaergy Levels" (41) on the basis of the 
work by Keiss and de Bruin from 3753 to 9320A0 and by Turner from 
1232 t o 1632A . Tech (63) has recent ly revised and extended the 
observations from 2067 to 24100 A°. Humphreys e t a l . (35) have observed 
and reported the f i r s t spectrum of bromine, Br I , in 4 - / ^ region. 
For Kr I I AEL c i t e s work by de Bruin et a l . from 2080 t o 
10659 A° and by Boyce from 559 to 964 A0. Minnhagen et al. (40) have 
revised and extended t h i s spectrum in great d e t a i l from about 400 t o 2700A . 
2 5 For the r e s t of the sequence, configurations 4s 4p > 
A p 1 ? J 
4s 4p > 4s 4p nd and 4s 4p 5s of Rb I I I and Sr IV were t rea ted by 
Tomboulian (64), of Y V and Zr VI by Paul and Rense (44), and of Nb VII 
and Mo VIII by Charles (16) . 
Chaghtai (6) reported the revised analyses of Zr VI, Nb VII 
and Ho VIII in the wave length regions 236-567A0, 197 - 517A° and 
174 - 474 A° respectively, followed by Ekberg et a l . (25, 26, 27); they 
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2 L. 
concentrated on 4s 4p 4d and 5s configuration only* 
All ihe 5s and almost a l l the 44 l eve l s , accessible from 
the ground leve ls of these four spectra, are now r e l i a b l y know. 
Chaghtai 's comments (6) on Rb I I I and Sr IV led t o the 
reinvest igat ion of these spectra by Hansen et a l (31, 32) and Reader 
and Epstein (55) . The l a s t work to appear on t h i s sequence before the 
present analysis of ours, i s on the 4p-5s t r a n s i t i o n s of Ru X, Rh XT 
and Pd XII reported by Even-Zohar and Frankel (26) . 
3.2, STRUCTURE OF Y . V., 
The ground configuration of Br I - l i k e spectra, 1 V, i s 
2 5 2 
4s 4p which has an inverted doublet P^ / 2 ,£ * n e lowest excited 
6 4 k > 
configurations are 4s 4p > 4p 4d, and 4p ' 5 s . Most of the excited 
2 A 3 1 1 
l eve l s come from the parentage 4s 4p ( P9 * . D 9 . S ) out of 
which the configurations ns and nd are of great i n t e r e s t for the 
present study, because they are d i r e c t l y accessible from the ground 
l e v e l s . There are eight 4s 4p ns l eve l s , namely ( P) ( ^ 5 / 2 3/2 i/p* 
g 1 2_ 2 
P 3/2 1/2 ^' ^ D ^ 5/2 3/2 ^ a n d ^ 1S^ S l / 2 to o r d e r o f ^ c ^ a s i i g 
energy (F ig .3 .1 ) . The J - se lec t ion rule permits fourteen 4p-ns t r a n s i -
t ions for every n^.5j some of them are weak. 
2 L. The 4s 4P nd configurations form groups of twenty-eight 
Fig. 3 . 1 : Theoretical s tructure of 4p 5s (Y V) l eve l s as 
calculated by Cowan. 
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l eve ls for every n ) / <, namely (3p) (J^, 4 ^ l^, 2p, 2Q, 2f), (1D) 
(2 g , 2 p , EQ, 2F , 2Q) and ( l g ) 2D (Pig. 3 .2 ) . Their order as well as 
parentage may vary, because the coupling i s mixed. Thirty-four 4p-ns 
t r ans i t i ons are permitted by J-se lec t ion ru le , but many of them, are 
weak. For the f i r s t few members of the se r i e s , the lower excited leve ls of 
a configuration give strong t rans i t ions ; in case of higher members, the 
t r ans i t i ons from the upper l eve l s (e .g . of a 4d-con figuration) are found 
to be stranger. 
Another set of excited configurations i s of in te res t , 
because t r ans i t i ons to the ground leve ls can be observed from them. 
5 v 6 
They are 4s 4p np (n^-4) of which 4s 4p cons t i tu tes a special case . 
We are, however, not dealing with these t r a n s i t i o n s . 
3.3 TRANSITIONS FROM 4d AND 5s: COUPLING AND INTERACTIONS 
The author confirms the 4p-4d,-5s t r a n s i t i o n s of Y V as 
reported by Reader and Epstein (54) in the wave length region 289-440A0, 
except one faint l ine at 40S.806A which i s not observed on our spectro-
grams. Lines at 335.125A and 335.145A0 have not been resolved on our 
records. Lines at 320.419A0, 32Q.469A0 and 418.589A0 are very close 
1/2 3/2 5/2 W2 
J VALUE 
9/2 
Pig. ? .2: J. neore^ical s tructure of 4p"' 4d (Y V) l eve l s as 
20 
to oxygen l i ne s , but stand out as Y V l i n e s when we consider the 
in tens i ty var ia t ion with ex t ra inductance. 
The group of t r an s i t i ons 4p-4*i and 4p-5s, which are 
separate apart in the case of the higher members of the sequence, over-
lap together considerably in Y V. The i soe lec t ronic sequence p lo t ted 
by Ekberg et a l . (25) in t h e i r paper on Mo VIII manifest/Jthe cor rec t -
ness of the analysis of individual- t r a n s i t i o n s . The author has drawn 
Fig.3.3 to i l l u s t r a t e the complicity a r i s ing out of the overlapping 4d, 
5s l e v e l s , With the ava i l ab i l i t y of the fresh da ta on Rb I I I (31, 32), 
i t appears t ha t Kr H 1£ l eve l s (3P) ^j/z>il£ '•' a n d ^ ^ D5/2 3/2 ' 
as reported by Minnhagen et a l . (40) need be confirmed. 
The leve l s of overlapping /^d, 5s configurations could be 
expected to in te rac t together r e su l t ing in considerable d i s to r t ion of 
the isoelectronic sequences; i t i s , however, observed to be quite 
otherwise. The absence of in te rac t ions can be explained by the fact 
t ha t according t o Hartree-Fock calcula t ions used by Reader et a l . , 42 
levels obey LS-coupling, while 5s l eve l s belong to some intermediate 
coupling. From the experience of the analyses of other spectra of simi-
l a r nature, i t appears tha t actual ly ne i ther /^d nor 5s leve ls obey LS-
coupling s t r i c t l y j /$. configuration belongs to a stage of intermediate 
coupling nearer to LS, while 5s configuration t o an intermediate coup-
4A24P44d, SA 
8t I-ISOELECTRONIC SEQUENCE 
Br Kr 
I 2 
Sr 
4 
Zr Itt M» *WTe Ps 
6 7 8 9 K> II 12 
Fig. 3 .3 : Isoelectronic sequence of 4d and 5s configurations 
of Y V. The overlap and cross-over of these 
configurations with almost no mutual in te rac t ion 
i s shown. E i s the level energy in KK, 7 i s ne t 
e lectronic charge. 
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l i n g more different fvom LS, Such var ia t ions of the coupling along 
isoelect ronic sequences have recent ly been reported by Chaghtai and 
Rahimullah (9) even for the ground configurations 4p • The nature of 
the 4d terms thus being different from those ,5s in Y V and other 
spectra of Br I-sequence, they do not mix together despi te proximity. 
LS-notations have been used through out t h i s work for the 
sake of uniformity only. Assigning appropriate notat ions t o a l l atomic 
terms and leve l s has to be done, perhaps at the Standard Data System, 
N.B.S. l a t e r , 
3 . ^ TRANSITIONS FROM 5d AND 6s 
Most of these t r ans i t i ons are found to be weak, perhaps 
due t o the Cowan effect (18, 19; and Pr iv , comm.) of mutual cancel la-
t i on of the posi t ive and negative contr ibutions <ftfc the s-function 
in t eg ra l <$ the t r an s i t i on probabi l i ty . The ionizat ion stage of the 
l i n e s assigned to 4p-5d and 4t>-6s t r ans i t i ons has been nevertheless, 
properly ver i f ied . Based on the twenty-seven l i n e s given i n Table 6 ,1 , 
fourteen energy leve l s of the configurations 5d and eight of 6s have 
been determined and reported in Table 3 . 1 . 
2 4 An isoelectronic plot of the 4s 4p 5d configuration i s 
drawn in Fig. 3.4 from Br I to Mo VIII . Data i s taken from Tech (63) 
80.0 
75J0 
70.0 
4A APU 
ISO-ELECTRONIC SEQUENCE 
-« * *« i 
*ajss* 
on
1
'* 
"*»<* * i 
"BH KrII AMI SrIV YV ZrVI NbVI MoVW 
Fig. 3.4: Isoelectronic plot for 4p 5d configuration. 
Here ^H = 2.4*9 KK. 
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for Br I , from Minnhagen et a l , (40) for Kr I I , from Hansen et a l . ( 3 l ) 
for Rb I I I , and from Chaghtai et a l . (10, 11) for Zr VI, Nb VII and 
Mo VIII, whereas in terac t ions with other configurations seem possible 
for the e a r l i e r members of the sequence. We did not, however, feel 
i t much d i f f i c u l t t o t race out the sequences a l l through, except in 
the case of ( P) D_ /_ l e v e l , who3e reported value i n Kr I I merits 
further confirmation. 
The isoelectronic comparisons of the 6s l eve l s are shown 
in Pig. 3 .5 , for which data i s taken from the same sources as for 5d. 
No data i s available on Sr IV. The graphs are reasonably smooth, 
except for the l eve l s (2P) 7P ,„ and (^P) Pg/2> whose behaviour ind i -
cates some ser ies in te rac t ions . I t i s possible tha t the leve ls ( P) 
T>wg and ("T?) P 1 / 2 com© very close together and repel each other from 
Zr VI onwards. (h>) 'TPo/g and ("T) P - / g l eve l s are known to be mixedj 
they repel each other s l i g h t l y . With the help of • _ s> isoelect ronic 
2 
comparisons, i t i s suggested tha t the designation of the 6s P-s/p an<* 
T>
 / 0 l eve l s of Rb I I I should be interchanged. it* 
3 . 5 TRANSITIONS PROM 6d AND 73 > 
The t r ans i t ions from 6d and 7s l eve l s are s t i l l weaker 
than those from 5d and 6s, end i t was found d i f f i cu l t to ascer ta in 
g-ftH-Ec 
!*0.\ (UK) 
*0 
ISO-ELECTRONIC SEQUENCE 
7 * 
TO 
•» 
i i i I I I . L 
JrJ__KrJLfiML trlV^ V V ZrVI NbVM M»vw 
Fig. 3.5: 4p^6s isolect ronic seouence. £~H = 3.81 kK 
5 
and E i s the centre of gravity for the 4p 
c 
2 
P l e v e l s . 
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t h e i r stage of ionizat ion. However, jauthor was f ac i l i t a t ed in t h e i r 
ident i f ica t ion by the fact t ha t very few chance " coincidences of 
the frequency in te rva l s are observed. Ident i f ied t r a n s i t i o n s from 
these two configurations are supported by i soe lec t ronic comparisons. 
The reported t r ans i t i ons (Table 6,1) agree with Cowan's adapted 
Hartree calculat ions (17, 18 and P r i ^ . coram.); there i s , however, some 
disagreement as regards in tens i ty f igures . In the present analysis 
twelve l eve l s of the 6d and six of 7s configuration are determined on 
the basis of the observed t r a n s i t i o n s . The l i n e at 201.083A i s 
doubly c l a s s i f i ed . 
Except a fragmentary report on Br I , no data i s available 
on the 6d l eve l s for the f i r s t four members of the sequence. The 6d 
sequence i s , therefore, plot ted from Y V t o Mo VIII only (F ig .3 .6 ) . 
The t rends appear to change remarkably
 arcund Y V and the sequences 
become smooth from Zr VI onwards, where from the in terac t ions due to 
the configurations tha t overlap 6d s t a r t disappearing. 
In Fig .3 ,7 , the Br I - i soe lec t ron ic sequence i s p lo t ted 
for the 7s l e v e l s . Data on Zr VI, Nb VII and Mo VIII i s taken from 
the recent work of Chaghtai e t a l . (10, 11). The 7s l eve l s of Mo VIII 
are found depressed, perhaps due to some in te rac t ions . As many confi-
gurations can influence t h i s region, nothing can be predicted a t t h i s 
stage about the precise nature of the in te rac t ion possibly involved. 
••o-iucTHOMc scouenct 
i3^«.,o 
83» 
eooj 
« * * * 
Br I Kfll Rblll 4irlV Vy &VI NbVll MoVltl 
Fig* 3.6: Br I - isoelectronic sequence for 6d confi-
guration. E and T are the level energy and 
net electronic charge respectively. E rep-
c 5 2 
resents the centre of gravity for 4p^ p 
levels and ^H = R(—* —-^ ) i s the 
n1 n 2 
hydrogenic term. R = 109737-31 cm1 and ^H^3'fi1 
(kK). 
ISO-ELECTRONIC SEQUENCE 
850 
800 
700 
Krfl Mill SrIV YV ZrVI NbVII MoVln 
Fig. 3.7: Br I - isoelectronic sequence for 7s confi-
guration. £ ¥ = 4.619 W f o r "this graph. 
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3.6 LIMIT EVALUATIONS: 
The s ix ns and nine nd Rydberg ser ies of Fig.3.8 are used 
to evaluate the ser ies l imi t with the help of a 2-parameter Ri tz formula 
as described in Chapter I I . Three of these ser ies smoothly converge to 
(4p )* 'S , seven to D?, ten t o P . , Q and two to Pp. The ground l eve l 
in te rva ls of I VI, namely 3Pg - 1 S Q , 3 P £ , - 1D2 , 3 P g - 3 P 1 and 3Pg - 3 P Q , 
are known from our work on Y VI as described in the next Chapter in 
d e t a i l . The correct ions a re , therefore, p rec ise ly applied to determine 
the ground most l eve l to the ground most l eve l energy difference between 
I V and Y VI (Table 3 .2 ) . The ionizat ion po ten t i a l of Y V, 4p5 2P_.& -
4p^ 3P_, has been f ina l ly adopted t o be 604.7 kK. The observed3P - 3PQ 
in terval in Y VI (125 cm ) i s much smaller than the experimental e r ror 
3 3 
in the limit evaluation; therefore P.. and P_ energy values are averaged 
over in doing so. 
In Fig .3 ,9 , the ionizat ion po ten t i a l s of Br I - l i k e 
sequence are plot ted isoelectronical ly* All the values, except for 
Sr IV are taken from the recent studies on these spectra, including 
the hithertounpublished' ionizat ion po ten t i a l s of Zr VI, Nb VII and 
Mo VIII determined by our colleagues (10, 11). I t i s evident from the fig-
ure tha t the reported value of the ionizat ion poten t ia l for Sr IV should 
Fig, 3.8: nd and ns Ryd berg-series of Y V are p lo t ted , 
n* i s the effective quantum number, T (kK) the 
term value as measured from the f i r s t ioniza-
/ 3 
t ion l imi t 4p r p . Convergence to the r e s -
pective ser ies l i m i t s i s indicated by dotted 
l i n e s . 
COMPARISON Of IONIZATION 
POTENTIALS 
„ <r Wr ft Sr 
V • 2 3 4 Y 5 Zr 6 T 8 
Fig, 3 .9 : I soe lec tmnic comparison of ionizat ion p o t e n t i a l ^ 
(E* ) in Br I - sequence. Dotted l i n e s show 
the suggested improved value of Sr IV ioniza-
t ion po ten t i a l s . 
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be revised to be about 44^.2 kK. 
3.7 THEORETICAL PARAMETERS: 
In accordance with the theory (Edlen, 23 p.130), the 
separation 4p Pp - ? 1 i s fotuid to be p r a c t i c a l l y independent of n 
5 2 2^ 3 
and equal to 4p P3/9 - ^ i / o * ^ s l c n g a s ^ ^ s p l i t t i n g of P term 
3 
i s small compared to the distance from the centre of gravity of P t© 
1 1 
Dp or SQ of the same configuration, simple intermediate-coupling 
formulae can be derived for 4p 5s *TP l eve l s by omitting the matrix 
1 1 
elements associated with D and S . This leads to the following exp-
ressions for the energy leve ls of p ( P)s *TP, referred to the centre of 
gravity of the group: 
\/V \/2 " + * G 1 + 3 / 2 > ± *-/" 90? - G ^ TlA^P 
S /* %/2 - + * G1 ±*-/9G12-4G1*^)P + ^ ? 
4 p 5 / 2 = " G 1 - * > 
*"?p i s the spin-orbi t parameter which determines the s p l i t t i n g of P 
and G1 i s the exchange in tegra l due t o the added s e l e c t r o n . Since 
7p remains constant i t ia p rac t i ca l to p lo t the energy leve ls E, 
divided by )p, against G../ Sp to show the convergence of the s e r i e s . 
The G1 and^p factors have been calculated for *T» 
leve l s of 5s and 6s configurations (Table 3*3) assuming tha t 4p D9 
10 
THEORETICAL PAPAMETERS FOR 
TI-* 2 . 4 p LEVELS 
6 * 
> 
10 
-tfr Tflr 
V*. -«r 
5 ^ 
- *S« 
"«r 
Fig. 3.10: Theoretical parameters for 2P, ^P levels of 
5s and 6s configurations of Y V. ^ p is the 
splitting factor and G the asymmetric inter-
action parameter. Dotted lines indicate 
series convergences. 
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and Sn l eve l s do not effect ively influence t h e i r formation,r A plot 
in Fig.3.10 c lear ly shows the convergence trend 
3 3 
of the five series of levels to their respective limits P„, P and & u 
P . The value of G and Xp could not be calculated for 7s because 
of l a ck of data on *P /_ and r„, l e v e l s . 
Elden's approximation i s evidently val id in the case 
of Y V. 
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Table 
4p 4d 
(V) 
<3p> 
(M 
( 3 p) 
C*»> 
( 3 p) 
(M 
(*s) 
ft) 
(3P) 
3.1 
2 p i / 2 
\ / 2 
^ 3 / 2 
\/a 
4 p 3 / 2 
\ / 2 
X/2 
\ / 2 
\ / 2 
\ / 2 
\ / i 
\ / 2 
\ / 2 
\ / 2 
\ / 2 
\ / 2 
2
„ 
P l / 2 
\ / 2 
Y V 
Level 
ECCm"1) 
233 760 
237 673 
238 211 
238 895 
239 131 
240 950 
244 307 
244 611 
247 859 
251 402 
263 179 
281 240 
286 001 
294 96G 
297 06? 
300 218 
302 660 
312 039 
: TERMS AN) 
2_ , 
P 3 / 2 * V 
0 
233 76© 
233 673 
238 211 
238 895 
239 131 
240 949 
244 307 
247 859 
251 402 
263 179 
281 240 
286 001 
294 963 
297 066 
300 2i8 
302 660 
312 038 
J THEIR C 
5 2 p . 
^ i F l / 2 
12460 
228 492 
232 151 
268 779 
282 498 
284 612 
S^O 201 
299 580 
JOMBINJ 
T 
Lev 
VTION 
H E 
i - e l 
E(Cm" 1 ) 
233 
236 
236 
236 
238 
240 
243 
243 
246 
250 
262 
280 
837 
321 
824 
939 
134 
252 
096 
989 
986 
965 
532 
629 
285 134 
269 
303 
310 
307 
321 
647 
157 
058 
626 
165 
S 
0 R Y 
LS Purity 
% 
43.6 
94.1 
76.4 
88 .4 
51.8 
38 .7 
84.6 
25.0 
42 .3 
64.0 
81 .2 
65.6 
74.0 
96.2 
51.8 
65.6 
51.8 
59.3 
4 4p 5tt 
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Cv) 
<S) 
fa 
4 D 4 6d 
(3P) 
<"» 
\ / 2 
2 
D 3 / 2 
V* 
P 3 / 2 
S/2 
^ 5 / 2 
2 
P 3 / 2 
V2 
V* 
P 5 / 2 
^ 3 / 2 
\ * 
V«' 
\ / 2 
\ / 2 
\ * 
\ / 2 
\ / 2 
\ / 2 
\ * 
\ * 
S/2 
2<? 
S l / 2 
^ 5 / 2 
V,. 
416 
423 
924 
347 
424 139 
431 
432 
434 
435 
161 
717 
660 
077 
444 135 
445 307 
446 
447 
447 
470 
471 
490 
492 
497 
497 
714 
299 
541 
992 
481 
362 
900 
307 
368 
500 613 
502 036 
503 119 
504 
511 
969 
84§ 
514 157 
515 416 
416 924 
423 347 
424 139 
431 161 
432 717 
434 660 
444 138 
445 307 
446 714 
447 299 
470 992 
490 362 
492 895 
497 307 
497 376 
500 613 
502 036 
503 119 
504 971 
514 157 
515 416 
422 617 
431 671 
435 081 
459 021 
480 446 
484 900 
492 807 
499 386 
418 000 
424 138 
424 334 
430 844 
432 202 
433 897 
434 528 
444 599 
445 264 
446 438 
447 846 
447 228 
470 323 
471 255 
490 807 
492 961 
493 447 
493 474 
501 849 
502 814 
503 443 
503 978 
514 630 
515 915 
516 378 
72.3 
38 .4 
38o7 
23.0 
51.8 
46.2 
65.6 
84.6 
74.0 
70.6 
82.8 
74.0 
88 .4 
86 .5 
64 .0 
4 6 . 2 
51.8 
36 .0 
57.8 
51*8 
57.8 
59 .3 
84 .6 
86 .5 
84 .6 
fa V 3/2 535 396 535 389 522 944 541 979 
29 
88*4 
4p 5s 
fl»Vi 
4 p 3 / 2 
P l / 2 
\ / 2 
P l / 2 fa\* 
2 
fa\/t 
4p 4 6s 
(3p> V 
4 p 3 / 2 
4P P l / 2 
2P , r 3 / 2 
2 p i / 2 
\ / 2 
( l g > 2 s i / 2 
4p 4 7s 
( 3 p ) ^ 5 / 2 
4 p 3 / 2 
2 p i / 2 
( l j >) 2 ° 5 / 2 
V/. 
294 099 
298 377 
304 571 
306 209 
310 853 
319 130 
319 596 
345 802 
435 
437 
444 
448 
448 
459 
459 
486 
497 
497 
510 
521 
521 
692 
182 
993 
069 
361 
635 
759 
075 
307 
499 
177 
502 
644 
294 099 
298 379 
304 580 
306 209 
310 853 
319 130 
319 594 
345 807 
435 692 
437 179 
T.TC IT W f c 
448 069 
448 358 
459 635 
486 079 
497 307 
497 505 
510 178 
521 502 
521 643 
285 914 
292 101 
293 749 
307 139 
333 336 
424 726 
432 535 
435 905 
447 299 
473 610 
485 032 
497 715 
509 196 
294 818 
307 001 
305 183 
299 284 
311 778 
320 196 
320 695 
346 386 
436 079 
446 914 
446 565 
437 633 
448 549 
460 278 
460 413 
486 564 
497 734 
508 399 
509 160 
521 669 
521 729 
94*1 
53.3 
94.1 
46*2 
96.2 
94.1 
90.3 
88.4 
92.2 
77.4 
92*2 
70.6 
96.2 
92.2 
92.2 
8 8 . 4 
92.2 
8 1 . 0 
96 .2 
92 .2 
92 .2 
30 
6o 2S« /„ 551 635 551 636 539 174 547 984 88.4 3 l / 2 
Adopted limit 4p5 S , - 4p4 V . 404 700 • 2500 Cm"1 h/2 ' *P *2 
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TABLE 3 . 2 LIMIT EVALUATION OF Y V 
SERIES CALCULATED LIMIT CORBECTED LIMIT 
(ton""1) (^aT1) 
604 701 4 . 2 
4 . 2 
4P4 
4P4 
M
 <3p> \/z 
V* 
<ls> V 
\ / 2 
<3P) V 3/2 
V2 
V2 
603 
618 
629 
339 
960 
636 
629 894 
666 447 
639 580 
624 376 
626 
628 
950 
904 
613 836 
651 705 
636 491 
604 761 
603 339 
608 303 
606 063 
606 321 
616 202 * 
589 335 * 
600 803 
603 377 
618 247 * 
603 179 
* fia.1 n*9 
w 
00 
00 
( • ) 
(e) 
00 
00 
(a) 
(a) 
(a) 
V. I #25 834 * **' 
606 781 
614 338 
32 
606 781 
603 681 V . ^ 
5/2 
Adopted l imi t : 4p6 ^Pg/2 - 4p4 Pg - 604*7 + 2.5 kK. 
(a) The average of 3Pfl - 3P g and 3P± - 3 P 2 intervals ( 10657 em"1) i s 
snbatr acted* 
(b) 23573 cm of D - P in terva l is aubstracted* 
—1 1 3 
(c) 50245 cm of S0 - P„ interval is aubstracted. 
* Not included in the average* 
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TABLE 3.3 THEORETICAL PARAMETERS FOR ns 2 , 4 P LEVELS 
""} 
Parameters 
G l 
% 
ns 5s 
3052,999 
7232.001 
, 
6s 
i 
429.222 
9503.334 
/ 
C H A P T E R IV 
THE SIXTH SPECTRUM OF YTTRIUM; Y VI 
(Se I-SEQUENCE) 
The five-times-ionized Yttrium, Y VI, i s i soelectronic 
with Se I and thus has an oxygen-like s t ruc tu re . The f i r s t spectrum 
of selenium, Se I , has been studied by ReUdy and Gibbs (57, 58) from 
300 to 11000A0, by Meissner (39) and by Meissner et a l (38) from 
3588 t o 9665A0. The two wave length l i s t are , according to Moore (41)> 
;• astonishingly discordant, information on many configurations i s 
fragmentary and a new study of the spectrum i s much needed. 
Rao (48, 50) in h i s extensive study of Br I I from 350 to 
10000A0 revised the previous work on t h i s spectrum reported in "Atomic 
Energy l eve l s" (4"0* Martin and Tech (37) hgve improved upon the 
precision of some measurements in a study of Br I I from about -I 
600 to 1100A°. 
The AEL data on Kr I I I are based on studies by Humphreys 
(34) from 2116 to 7353A0 and by Boyce (3) from 56 to 1923A0. 
Chaghtai (7) has analysed the t r a n s i t i o n s 4p-4d and 4p-
5s in Zr VII, Jib VIII and Mo IX. He has established 81 energy l eve l s 
based on 143 l i n e s of these previously unknown spectra. 
We have reported (13) for the f i r s t time, the 4p -4p ns 
(n=5-7) and 4p^-4p3 nd (n=4-6) t r an s i t i on in Y VI from about 165 to 390°. 
35 
No work has been reported on Rb IV and Sr V, so far . 
4.1 STRUCTURE OF Y VI: 
The four equivalent 4p electrons in the ground configu-
•3 
rat ion of a Se atom or an isoelectronic ion give r i s e to the P 9 , 
df o, 1 
1 1 
D and S_ l eve l s in order of increasing energy. This i s the order 
of the l eve l s in the ground t r i p l e t for a l l the higher numbers of 
the sequence, as already observed by Chaghtai in Zr VII-Mo IX (7 ) . 
For the f i r s t five members, l eve l order i s observed or expected to 
2,1,o 
Except for 4s 4p and 4s 4p nl> all the excited levels 
are built on the parent levels S2/2' D3/2 5/2 a n d 1/2 3/2* w h i c^ 
arise from three equivalent p electrons. As the transitions from 
5 4 4s 4p and 4s 4p *& to the ground level do not lie in the spectral 
3 
region we have investigated, the present study i s confined to the 4p 
ns (n\5) and 4p^ nd (n^-4) excited l e v e l s . For 4P ns ( n ^5)> we get 
the ten l eve l s 5 S g , h^, \ ^ 3 , 1Dg , 3 P Q , 0 f 2 and 1 P 1 (F ig .4 .1 ) . 
3 
This anomalous order of l eve l s in the D i s observed or expected for a l l 
higher members of the sequence as the coupling i s mixed and nearer to 
23 than LS. The LS notat ions have, however, been retained because of 
compactness. Thir ty-f ive 4p-ns t r a n s i t i o n s are allowed by the select ion 
TtCOKTtCAL STRUCTURE OF 44 UVCLS 
MCf 
lOOf 
C 
(RtO 
* * — V' —-w 
ttk-
« o o l — 
5 
i 
Fig. 4 . 1 ; Theoretical s t ructure of 4p 4d ( I V) l eve l s 
as calculated by Cowan. 
SftO 
see 
MO 
ISO 
tool 
YVI 
THEORETICAL ITRUCTURE OF 3 J LEVELS 
(2P)'P -
hb- -—"' 
•1 
iU)
 2 3 
roro — 
< 2 0) 'D 
t j 2 S 1 
Fig. 4.2: Theoretical structure of 4p 5s (Y VI) levels 
as calculated by Cowan. 
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ru le ^ J s 0, + 1 for each value of n, but some of them are expected 
t o be fa in t . 
Every configuration 4p nd ( n ^ 4 ) gives r i s e to t h i r t y -
eight l eve l s , namely (*5) 3 ' 5D;( 2D) '(S,P,D,F,G) and (*P) 
(P,D,F) (F ig .4 ,2 ) . Ninety-seven 4p-nd t r ans i t i ons are possible for <eveiry 
n according todJ = 0 , +1, but many of them wi l l be too faint t o be 
observed. The nd leve l s with J = 4 or 5 have no" allowed t r a n s i t i o n s 
to l eve l s of the ground configuration. 
4.2 CLASSIFICATION: 
The l i n e l i s t (Table 6.1) shows a number of p a i r s of 
ra ther strong l ines about 125 cm in in t e rva l ; the i n t e n s i t i e s of a l l 
these l i n e s decline uniformally each time the inductance in t he spark 
c i r c u i t i s increased. These p a i r s tu rn out to be t r a n s i t i o n s t o the 
3 ground l eve l P
 1 and const i tu te a d i s t i nc t ive charac te r i s t i c o± Y VI 
o , i 
spectrum. The c lass i f ica t ion work, therefore, began with them and r e -
sulted in a r e l i ab le analysis , f i r s t , of 4p-5s t r a n s i t i o n s as l i s t e d in 
Table 6 . 1 . The 4p and 4p 5s energy leve ls > thus determined, f i t n ice ly 
into the isoelectronic sequence. (figures 4.3 and 4.4) . 
Once the ground in t e rva l s were determined, the 4p-4d 
t r ans i t i ons could be analysed with confidence, as most of the l i n e s 
ident i f ied to be 4p-5s, i£ t r a n s i t i o n s had already been separated out t o 
A Fig. 4 .3 : The Se I-sequence 4s 4p"*'« E i s the energy-
measured in kilo-Kayser from the ground leve l 
and "(T stands for the net charge of the atomic core. 
m 
i 
i 
55 
30! 
S«i Brt Krn. MS Sri YB ZratfcOT Melt 
Fig. 4.4: The Se I-sequence 4P 5s. E represents C. G. 
of the term of 4p^ 
spectrum, and <5~„ = 9R/400. 
n 
'P in the corresponding 
t 
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belong to t h i s ionizat ion. Figure 4*5 shows the isoelectronic r e l a -
t i ons of the 4d leve l s for the l a s t four members of the sequence only, 
as whatever corresponding data e x i s t s for the f i r s t three members i s 
meagre and needs further confirmation. 
Based on the analysis of 113 l i n e s , a l l the five l eve l s of 
the ground configuration 4p and a l l the ten 5 s along with eighteen 
4d, eight .5d, seven 6s and two 7s l e v e l s , bu i l t on the ih core, have 
been determined and l i s t e d in Table 4«1» 
The 4d and 5s l eve l s of Y VI overlap, as do the 5d and 6s 
l eve l s at shorter wave lengths. Transi t ions from these l a t t e r l e v e l s , 
-as well as those from 7s at s t i l l shorter wave lengths are observed to 
be weak, and t h e i r ion a f f i l i a t i on could not be ascertained. They have 
been c lass i f i ed on the basis of the in te rva l analysis and the Rydberg 
re la t ions shown in Fig, (4 .6 ) . 
The exist ing information on 4d l eve l s of Zr VII> Nb VIII 
and Mo IX appears to be consis tent , excepting four l eve l s in Zr VII, 
connected by dotted l i n e s in Fig. (4*5). 
The 5d, 6s or 7s l eve l s could not be compared i soe lec t ro -
n ica l ly because of lack of data) only 4d and 5s l eve l s are compared and 
the Rydberg ser ies are shown in Fig. ( 4 .6 ) . 
— . . - jim — 
- t 2 0 ) f, 
43 
41 
£3 
5j 
37 
35 
33 
•i20) F3 
t2P)02 
•C4S)!05 
2ft iSc 
*(<D)5S 
7rnr Nbmr Mou 
Fig. 4 ,5 : Se I-sequence 4p 4d« Four l eve l s for Zr VII, 
as reported e a r l i e r , appear revisable ; They 
are joined to the corresponding Nb VIII l eve l s 
by dotted l i n e s . 
£"<€•-•) 
(4M4U2* 
( 4 2 * 2 2 ) * 
b 
C 2 6 6 7 » ^ 
< 22247)'O 
(0>«sJC. 
20 SO 
Fig. 4»6: The nd and ns Rydberg-series* T i s measured 
from the l imi t 4P \/o > ^ * s t h e c p ^ u m 
defect . Convergence of Rydberg-series t o 
respective l im i t s i s hown. On the l e f t of 
the l imi t s , the energies (cm.) of the 4p 
levels are given, as calculated by Cowan. 
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4.3 PARENTAGES; 
In the case of ns terms, the parentages are evident. 
3 5 2 
The case of ^S and ^Sg i s simple, as both wil l converge to S. /_ in 
1 1 3 
the l i m i t . As rog ards Dg, P and "T , the s ingle t s lying higher 
should na tu ra l ly converge t o the higher l eve l of the corresponding 
doublet ( ^ o / p c / 2 o r ^ 1 / 2 3/2^ ^ t h e l i m i t * T o n d l e v e l s > parent-
ages need be assigned more careful ly, for which the author has made use 
of Fig. (4.6) . . The nd (^S) D1 _ l eve l s are seen t o converge to the 
same l imi t as the ns ^S... The nd (*D) F- and T , go to Dc/o accor-
ding to Fig. 4.6, t h e i r convergence i s supported by the same logic as 
2 3 3 
of the ns l e v e l s . Similarly, we
 a ss ign nd ( P) JD^ and -T t o the parent 
l eve l r 1 / « and nd ( P) Dg t o ^3/2* T l n i 3 consideration has led the 
author to revise in four instances previous assignments for Zr VII-
Mo IX (F ig .4 .5 ) . 
4 .4 LIMIT EVALUATION: 
1 3 
Three members are available t o us in the ns Dg and D 
Rydberg ser ies only. Limits are, therefore, calculated from them using 
a 2-parameter Ritz formula, to get 748200 and 74500 cm respect ively 
for 4p 4 3 P 2 - 4P3 ^ / g . 
The in te rva l 4p (^Dr/g - S3/2^ i s k n o w n £ r o m o u r w o r k o n 
Y VII; the sixth ionization po ten t ia l of yttrium could, therefore, be 
40 
K.- 30 
* L 
* - *
i
" J 2 3 4 5 6 
Kr Rb Sr Y Zr Nb 
Fig. 4 .7: T n / (2^+k) i s p lo t ted against k according 
to Edlen. T i s the l imi t value (iCr cm1 ) 
c 
of the f i r s t s e r i e s o f the corresponding 
spectrum, and k i s the number of 4p e l^ctrois 
. in the ions concerned. 
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evaluated as given in Table 4«1» 
Limits of the s ixth spectra Kr VI-Nb VI are p lo t ted in 
Fig.4.7 following a method of comparison along periods evolved by 
Edleri (23, p.211) and used by Svensson and Ekberg (61), with the 
difference tha t I have plot ted differences between ground leve l s instead 
of those between the conters of gravi ty . The ionizat ion po ten t i a l of 
Nb VI has been taken from Reader et a l (56, and Priv.Comm.), who eval-
uated i t with the help of long ns and nd ser ios (J=3), and ver i f ied ±t 
t h e o r e t i c a l l y . The ionization po ten t i a l s for Kr, Rb, Sr and Zr are 
taken from Moore (42), the f i r s t th ree of which have e i ther been theore-
t i c a l l y calculated or extrapolated from the data on other spectral l i m i t s , 
not very prec ise ly known themselves. I t i s evident from Fig..4.7 tha t 
the estimated ionization po ten t i a l s for Rb, VI, Sr VI and Zr VI are 
too high and should be re-estimated
 a s soon a s a th i rd value i s r e l i a -
bly established in the period concerned. 
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TABLE 4 . 1 Y V I • TERMS AND THEIR COMBINATIONS 
LEVEL 
E (Cm* 1 ) 
J£ 
r 2 rO 1 2 
0 10505 10720 23573 
5 0 
I H E O R Y 
50845 E 
LEVEL LS-Parit 
- 1 . ) * 
4x> 4d 
<ap) \ 
\ 
<S) \ 
(S) \ 
<S)\ 
273 149 273 153 262 554 
T> 283 570 283 572 
285 313 285 313 
285 919 285 914 
287 294 287 294 
288 200 288 197 
290 233 290 201 
272 850 259 966 
261 740 
275 205 
276 569 263 731 
277 480 264 641 
266 673 
296 728 296 741 286 122 286 001 273 153 
296 911 296 927 
298 793 
306 915 306 905 
307 721 
319 496 319 491 
286 178 273 322 
288 073 
283 352 
273 425 
283 933 
38.4 
38.4 
285 700 4 4 . 9 
285 971 
286 415 
288 371 
290 776 
33.6 
86 .5 
47.6 
42.3 
295 569 70*6 
295 851 
299 114 
77 .4 
57.8 
306 063 53.3 
297 127 297 006 284 161 257 478 306 804 88 .4 
295 929 319 598 43.6 
V. 
(t) \ 
4 p 5B 
6) V 
ft)\ 
322 929 322 929 312 201 299 371 
329 738 329 757 319 130 319 000 
fi)\ 
(V \ 
\ 
4p3 54 
334 402 
344 956 
354 642 
334 394 
344 957 
323 682 310 853 
321 382 
41 
324 756 
329 124 
333 457 
344 177 
30.3 
44.9 
53.3 
59.8 
343 927 331 072 304 384 356 444 8 6 . 5 
485 146 485 154 
486 499 
507 698 
474 417 
475 909 475 783 
497 122 496 968 
510 377 510 381 499 783 
513 745 513 735 490 182 
513 816 
522 570 
523 540 
503 208 503 119 
511 839 499 014 
512 818 499 976 
485 362 82 .2 
486 523 92 .2 
503 733 65 .6 
508 852 33.6 
514 462 84 .6 
i l l 413 59 .3 
524 961 28.1 
524 562 74.4 
335 550 335 557 324 827 311 971 334 992 97.1 
343 927 343 927 333 336 333 206 320 350 293 687 342 686 88 .3 
359 118 348 522 348 402 335 568 308 882 360 097 84 .6 
X 
X 
4p 3 6s 
359 241 359 244 
362 854 362 849 
S>2 366 265 366 260 
( S ) PQ 378 638 367 918 
335 665 
339 286 
342 697 
4! 
360 218 
363 710 
367 494 
379 776 
•< 
7 6 . 4 
100 
81.0 
100 
P 380 010 380 009 369 422 369 298 356 449 329 757 380 949 82.8 
P g 385 955 385 953 375 233 362 394 386 663 77 .4 
1 P 1 388 534 377 815 364 970 338 280 389 932 74.0 
<S) \ 
a»\ 
x 
\ 
<*> \ 
\ 
X 
3 
4D 7S 
512 188 
533 166 
535 400 
537 321 
553 420 
558 240 
559 941 
512 185 
535 389 
559 935 
522 559 
542 803 
547 639 
501 472 
526 610 
509 642 
511 839 
513 735 
536 374 
503 208 
508 Oil 
511 612 
531 719 
531 792 
536 929 
552 539 
559 715 
558 809 
92.2 
82.8 
59.6 
70.6 
74.0 
57.8 
81 .2 
(%) V , 609 365 609 385 585 772 610 606 65.6 3 
S g 611 408 611 389 587 856 614 849 100 
Adopted Limit : 4p4 3 P 2 - 4p 3 \ / 2 - 720 100 ± 2000. m"\ 
C H A P T E R V 
THE SEVENTH SPECTRUM OF YTTRIUM: Y VII 
(As I-SEQUMCE) 
The spectrum, Y VII, emitted by six-times-ionized Yttrium 
i s isoelectronic with As I and thus has the n i t rogen- l ike energy-
l eve l - s t ructure . 
In the second volume of the AEL (41), data known upto 1952 
i s reported, on the f i r s t four members of t h i s sequence, namely As I , 
Se I I , Br I I I and Kr IV. Since then, auto-ionized levei^of As I have 
been reported by Bhatia and Jones ( l ) , Rao (49, 51) has improved upon 
3 2 
the knowledge of Br I I I , and Chaghtai (6) has studied the 4p - 4p 5s 
t r ans i t i ons of Nb IX. 
Rest of the members of As I-sequence, naniely Rb V, Sr VI, 
Y VII, Zr VIII and Mo X, e t c . have remained untouched so fa r . 
5.1 STRUCTURE OF Y VII: 
2 3 The ground configuration 4s 4p of As I - l i k e spectra 
/ 2 2 
gives r i se to ^/zf D3/2 5/2 a o d P l / 2 / l e v e l s i n o r d e r o f i n c ' " 
/ 2 2 
reasing energy. The excited configurations are 4s 4p and 4s 4p n l 
2 2 
pr inc ipal ly , out of which only 4p 4d and 4p 5s are deal t with. 
p There are eight 4p 5s l eve l s , namely 
ft) [ V 3A 5/8],<3p> C V 3/2] • (1D> [ V 5/2H <1S> V 
<VD 
325 
THEORETICAL STRUCTURE OF 4 4 LEVELS OF Y VII 
<VF-
Ot>h '* 
300 C'DA>—. / 
> v 
C ' S , 2 D - / " ^ -
— ('ore-
2SC4 cVo- (•oft—'' 
3 4 
J-^V 
Fig. 5 . 1 : Theoretical s t ructure of 4p 4d (Y ^ I I ) l eve l s 
as calculated by Cowan. 
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YVII 
THEORETICAL STRUCTURE OF SS LEVELS 
423 
r's^s — 
400 c 
<'oft>— __ 
V* 
375 ('rf' •* ' 
'/2 , Vt 5/2 
Fig. 5.2: Theoretical structxire of 4P 5s (Y VII) l eve l s 
as calculated by Cowan. 
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1 "•} 1 
where the parentages ( D), ( JP) and ( S) refer to the terms a r i s ing out 
of 4p electrons (Fig.5«l). Intercombinations are observed and J - s e l e c -
t i on rule permits t h i r t y - f ive 4p-ns t r ans i t i ons for every n ^ 5 , many 
of which should te weak. 
There are twenty eight 4p 4d l eve l s (Pig. 5.2) belonging 
to the terms (3P) 2>4(P,D,F), (1D) 2(S,P,D,F,G) and (1S) 2D. 
LS-coupling being only approximately applicable to 4d l eve l s , we expect 
a maximum of ninety-seven 4P"*nd t r a n s i t i o n s for every n\A- The 4d 
l eve l s with J=9/2 wi l l not be accessible from the ground l e v e l s . 
5.2 4p-4d,5s TRANSITIONS 
The l i n e s belonging to Y VII on our records could be 
separated from the r e s t , as t he i r i n t e n s i t i e s f a l l sharply to zero as 
soon as two extra c o i l s are introduced in the spark c i r c u i t , whereas 
l i n e s from the lower ionizations p e r s i s t on. I soe lec t ronic compari-
son, confirmed by Cowan's ca lcula t ions (17) I am cont inual ly using „, 
3 2 
shows that the 4p -4p A& t r an s i t i ons have appeared copiously on our 
3 2 
spectrograms, whereas the At> -4p 5s t r ans i t i ons have remained ra ther 
3 
f a in t . A frequency analysis provided u consistent 4p in te rva l s for 
twenty-one 4d and a l l the eight 5s l eve l s , tha t combine with the ground 
4p l e v e l s . Four out of five Ad l eve l s with 3=7/2, tha t combine with 
only one of the ground l eve l s (namely Ap ^ c / 2 ) > could be assigned by 
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chosing single conspicuous Y VII l ine in each case. 
5.3 COMPARISON WITH THEORY: 
The present iden t i f i ca t ions are summarised ±a Tables 6.1 
and 5 .1 , in which are given the l i n e l i s t and the energy l e v e l s respec-
t i v e l y . In view of the inadequate data on the i soe lec t ronic sequences, 
designations to 4d-levels could be assigned only with the help of 
Cowan's ca lcula t ions . He has calculated level p u r i t i e s for the LS, j j , 
jK and LK couplings. None of these couplings shows a marked advantage 
over the other . The author has adopted L.S notat ions t o designate *fche 
the 
l eve l s for/sake of coherence with the r e s t of work. Cowan's predicted 
l eve l values apd LS p u r i t i e s are reproduced in Table 5 . 1 . 
There i s a good agreement between experiment
 and theory 
in general, but there are examples of s t r ik ing disagreement between the 
observed l ine i n t e n s i t i e s and the corresponding calculated gf-values. 
I t remains to explain pa r t i cu l a r ly why some of 4p-5s t r a n s i t i o n s pre-
dicted to be strong (Table 5.2) could not be observed at a l l . 
5.4 ISOELECTRONIC COMPARISONS: 
3 2 The isoelect ronic comparisons of the 4p , 4p > 5s and 
4p 4d levels are shown in Figs . (5*3), (5.4) and (5.5) respect ively; 
representat ions are similar to those which Edlen suggested Chaghtai t o 
&L 
Atl «•» Br'" KTIV » V SrV» YVII ZTVW HklX 
Fig. 5 .3 : Isoelectronic comparison of 4p"? energy l eve l s 
along As I-sequence. Energy E i s measured from 
3 4-
the ground leve l 4p S-a/2 anc^ expressed in 
kilo-Kaysers. cT i s the net charge of the nucleus. 
I SO-ELECTRONIC SEQUENCE 
30 
=--* 
(*K) 
A|l StII Brll KrIV Rkv SrVI YVII Zrvill Mb IX 
2 
Pig, 5.4: Isoelectronic comparison of 4p 5s levels 
of As I-sequence. 
^ H = 9 X 1 0 9 7 g ^ 1 kK 
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00 
99 
30 
ISOELECTRONIC SEQUENCE 
'OV, 
aF»/ t 
(to) 'PVI 
2PVi 
: <'s) »0Vl 
CD) 'D% 
CS) >D% 
- W *p£ 
CO *Gy, 
<JP) *Ph 
* 0 * 
• o * t 
*Dr/a 
•F«* 
• F - A 
•F%. 
All Sftl t r i l l Kriv RbV SrVI YVII 
Fig. 5.5: 4P '4d isoelectronic sequences are p lo t ted . 
Only J-values are given for Kr IV l e v e l s , 
reported e a r l i e r . 
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use for the Se I-sequence. The new data on Br I I I supplied by Hao 
(48, 50) are more sa t i s fac tory than the older data as regards the 5s 
as well
 a s 4d l e v e l s . The work on 4d l e v e l s of Br I I I i s far from being 
complete. Rao has assigned designations to only f if teen J<d levels^ 
« 
t ha t have been connected t o the corresponding leve l s of J VII as the 
author report's them. The 4 i designations are taken from Cowan s calcu-
l a t ions en t i r e ly . Only the T'g/o l e v e l °^ ^ m i s l e f t unconnected 
i n Fig.5.5> as t h i s l eve l could not be found out in Y VII. 
The data on the 5s and Ad l e v e l s of Kr IV as reported in 
ref. (41) i s subject t o an additive constant X. I t i s evident from 
Figs. (5.4) and (5.5) that t h i s constant could not be the same for the 
5s and the 4d l eve l s . In order to f i t the three 4p l e v e l s of Kr IV 
in the isoelectronic sequence (Fig. 5.4) > * n e aurthor has t r i e d t o 
estimate X from Fig. 5.3* The admissible value of the Kr IV l#J P3/9 
level , the highest of the ground configurations, i s approximately 
33*4 kK. I f we r a i s e the reported 5s l e v e l s of Kr IV by t h i s amount 
in Fig.5.4> the resu l t ing posi t ions (not p lot ted) are s t i l l too low to 
be acceptable i soe lec t ronica l ly . Therefore, these 5s l eve l s of Kr TV 
need complete revis ion. 
The 4d leve l s of Kr IV have not been assigned. The author 
has plot ted them in Fig.5.5 indicat ing t h e i r reported J -va lues . None of 
47 
these levels can be f i t t ed into the ^ e l e c t r o n i c r e la t ions , even i f 
we t r y to in se r t some value of X consis tent with the Kr IV ground l eve l s 
estimated from Fig. 5 .3 . Therefore, the work on Kr IV 4d l eve l s also 
h a s t o be completely revised, 
5.5 IONIZATION POTENTIAL: 
I t i s not present ly possible t o evaluate the ionizat ion 
poten t ia l of Y VII with spectroscopic precison. The author has estim-
ated a value of 830 kK for Y VII by extrapolating the ionizat ion poten-
t i a l s for Y VI, Y V and Y VI (Fig.5.6), tha t are known quite r e l i a b l y . 
Comparison along the period (Fig.5.7) using ionizat ion po ten t i a l s for 
Nb VII (26) and Mo VII (25), as given by Ekberg e t . al.> suggests tha t 
the ionizat ion po ten t ia l of Zr VII as calculated by Cowan (17, 18) i s 
s l ighly too high and can be estimated t o be 900 kK. The method of 
representation of Pig. 5.7 i s according to the method of comparison 
along the periods evaluated by ELden (23, p.211). 
11*5 
li-o 
IQ.sl.IU § 
VIV 
1 
Yv YVI YVII 
Fig. 5.6: Ionization potentials of Yttrium compared in 
view of 4s 4p period regularity (k=3-6). 
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IONIZATlOM POTENTIALS - COMPARISON ALONG THE PERIOOS 
1 
C_ 
lot**) 
<*K) 
k Yvi 
k • 3 
ZrVII NbVN 
5 
MoVtl 
6 
Fig. 5.7: The seventh ionizat ion potent ia l s are compared 
according t o Edlen 's method. The encircled 
point in Zr VII i s Cowan' s theore t i ca l value. 
TABIE «** Y VII $ TERMS AND THEIB COMBINATIONS 
*P* 
4 p 2 4d 
,3.x 4 . 
V2 
\ / 2 
\ / 2 
V 
fa V 
fa \ /2 
4 p 3 / 2 
(*S) V 
(S)V 
P l / 2 
3 /2 
'6/2 
IEVEL 
(U""1) 
W\2 267 
\ / 2 
S/a 
fa V 
fa V 
258 
270 092 
274 064 
277 631 
278 149 
7/2 279 691 
280 439 
285 626 
286 374 
295 632 
304 270 
305 144 
308 761 
310 632 
316 281 
318 172 
S3/2 
0 
V 2^ 2 2 THEORY " 3 /2 V 2 P l / 2 3 /2
 m E L ^ r U 2 
22645 26485 42813 49175 ( t i T 1 ) $ 
267 260 244 610 
270 093 243 605 
247 579 
277 636 254 980 
253 206 
257 792 253 956 
285 647 262 959 
263 731 259 783 
295 629 272 980 
277 786 
305 145 282 498 278 658 
308 755 286 122 
310 531 287 889 
316 281 293 631 289 799 
318 163 295 539 291 678 
267 901 88 .4 
270 560 86*6 
275 633 88*3 
278 682 37 .2 
235 337 228 973 278 815 88 .3 
281 757 50*4 
278 896 59 .3 
285 467 56«3 
286 196 53*3 
295 891 76*4 
306 553 92*2 
306 761 82 .8 
309 710 84.6 
311 520 92.2 
317 151 31*4 
269 012 319 865 54.8 
S/a 
<ls> \ / 2 
(S) 2s l / 2 
V* 
% / 2 
(3P> V * 
2 p 7 / 2 
\ / 2 
\ / 2 
M 2 * 
4p 5s 
<3 p) \ / 2 
S/a 
*fy2 
4 
P 5 / 2 
% / 2 
fa \/2 
*9/2 
fa 2s l /2 
325 138 
334 538 
335 656 
338 600 
344 353 
314 494 
383 005 
365 236 
366 420 
406 263 
408 709 
416 269 
416 429 
421 234 
434 669 
438 668 
462 588 
Adopted Limit : 
335 644 
406 273 
416 424 
.
 4 p S 3 
302 493 
311 902 
313 018 
315 941 
321 830 
342 584 
383 608 
386 060 
393 788 
412 019 
416 037 
439 961 
A 2 3 
i/2 ~ 4 P 
308 064 
317 887 
326 522 
338 752 
339 942 
382 228 
389 944 
408 163 
412 177 
282 331 
292 828 
295 818 
301 525 
322 437 
373 458 
378 422 
419 757 
P Q « 830.0 fcE. 
275 952 
286 489 
289 446 
295 176 
295 339 
-
316 074 
317 237 
367 092 
367 226 
372 058 
385 420 
389 470 
49 
326 386 
336 357 
337 714 
340 508 
345 783 
349 796 
355 720 
367 905 
367 539 
401 905 
409 490 
415 457 
415 837 
421 957 
435 801 
437 254 
463 264 
ftt.9 
44.9 
62.4 
49*7 
74.0 
38*4 
59.6 
54.8 
41.0 
86 .5 
96*0 
76.4 
86 .5 
53.3 
86.5 
72.3 
94.1 
50 
TAB 132 5.2 Cowan's theoretical calculations of 
4p - 5s transitions in Y VII, that 
could not be observed; predicted 
j \ (£ ) and gf-values are given I 
V 
4p 5 s \ 
— - • — 
(S) 2s l / 2 
ft> \/2 
(8 p) % / 2 
2 p l / 2 
«•= 1 , 
\ / 2 
S/a 
242.942 
•2497 
E
 1 
2
« 
P l / 2 
i 
\/2 
252.982 
• 9568 
'I 
\ / 2 
250.181 
•1105 
. , 
4 . 
S 3 / 2 
228.700 
•0031 
254.317 
' .6431 
244*206 
•4501 
C H A P T E R VI 
C O N C L U S I O N 
Our studies on the four spectra of Yttrium, as described 
in d e t a i l i n the previous chapters, are summarized here in tabular form. 
The complete l i n e l i s t of Yttrium as we established i s 
given in Table 6 . 1 . 
The t o t a l number of energy l eve l s t heo re t i ca l l y expected, 
o r ig ina l ly determined by us , and those previously reported tha t we 
confirmed, are summarized in Table 6 ,2 . 
The t o t a l number of t r ans i t i ons expected, observed and 
confirmed are given in Table 6.3• 
In Table 6.4- are assembled the l i n e s t ha t are doubly 
c l a s s i f i ed . 
In Table 6. ft, t i e four ionizat ion po ten t i a l s are 
given. 
The present s ta te of analyses of the Kr I - Br I - , Se I - , 
and As I - l i k e sequences i s graded' • in Table 6.5 . ' > for each 
spectrum. A, B, C, D and E represent grades in decreasing order of the 
experimental knowledge of the individual spectrum. No grade means the 
spectrum i s completely •unknown. This t ab l e also indica tes the scope of 
work on these sequences. 
TABLE (6 .1) L I N E L I S T O F ^ Y T T R I P M 
X(A°) I ^Tea"1) Ion T R A N S I T I O N a Theory0 
' • I " I • ' ' I I N . I I I I I | III | 
124*006 
124*763 
130.210 
130*549 
131*014 
131*457 
131*611 
131*826 
132*612 
132*814 
132*866 
132*994 
133*027 
133*153 
133*772 
133*941 
134.113 
134*229 
134.336 
134*421 
134*548 
134*797 
2 
2 
3 
2 
10 
30 
3 
40 
2 
2 
30 
3 
2 
2 
2 
2 
2 
3 
2 
10 
10 
2 
806 413 
•01 520 
767 990 
765 996 
763 277 
760 705 
759 815 
758 576 
754 080 
752 933 
752 638 
751 914 
751 727 
751 016 
747 541 
746 597 
745 640 
744 995 
744 402 
743 931 
743 229 
741 856 
1 
1 
1 
1 
3 
3 
1 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
134*834 
135*253 
135*386 
135*616 
135*621 
137*003 
137*492 
137*841 
138*840 
139*745 
139*805 
139*907 
141*040 
141*384 
144.312 
144*392 
144*832 
147*488 
147*662 
147*851 
147*937 
147*992 
148.233 
148*392 
148*647 
148.928 
148.938 
5 
4 
2 
40 
2 
5 
2 
2 
2 
8 
10 
10 
2 
2 
2 
2 
4 
2 
2 
10 
3 
10 
2 
2 
2 
3 
2 
741 653 
739 355 
738 629 
737 920 
737 349 
729 911 
727 315 
725 474 
720 254 
715 589 
715 282 
714 761 
709 019 
707 294 
692 943 
692 559 
690 455 
678 021 
677 222 
676 357 
675 963 
675 712 
674 614 
673 891 
672 735 
671 465 
671 294 
149*201 
161*664 
161.824 
162.622 
163.784 
163*866 
164*764 
156*150 
166*626 
166*957 
168*534 
159*187 
159*291 
159*713 
161*967 
162*265 
163*227 
163.457 
163.503 
163*562 
163*792 
164*100 
164*386 
164*829 
164*922 
165*091 
165*361 
3 
3 
2 
2 
3 
10 
2 
10 
2 
2 
3 
4 
2 
5 
8 
8 
2 
3 
10 
10 
8 
8 
2 
2 
2 
3 
2 
670 237 
659 362 
668 657 
655 643 
650 263 
649 968 
646 187 
640 410 
638 464 
637 117 
630 780 
628 192 
627 782 
626 123 
617 410 
616 276 
612 644 
611 782 
611 610 
611 389 VI 
610 530 
609 385 VI 
608 324 
606 689 
606 347 
605 727 
604 738 
54 
1 
1 
1 
3 
1 
2 
1 
3 
1 
1 
1 
1 
4 
3 
1 
1 
2 
4p4 8 P 2 - 4p3 ( S ) 7« S g 3 162*519 *0006 
4 
4p4 8 P 2 - 4p3 (%) 7s S g 3 162.642 .0463 
1 
1 
1 
1 
1 
55 
165.979 
166*045 
166.163 
166.384 
166.740 
166.805 
166.954 
167.385 
167.786 
168.055 
168.306 
168.716 
168.899 
169.358 
169.570 
169.648 
169.844 
169.950 
170.110 
170.480 
170.715 
170*839 
170.919 
171.201 
173.991 
174.374 
174.668 
175.418 
10 602 486 
5 602 246 
20 601 819 
2 601 019 
2 599 736 
2 599 502 
2 598 967 
2 597 426 
2 595 997 
50 595 043 
3 594 156 
10 592 712 
2 592 070 
4 590 465 
3 589 727 
5 589 456 
8 588 776 
2 588 408 
3 587 855 VI 
4 586 579 
3 585 772 VI 
2 585 346 
3 586 072 
2 684 109 
2 574 742 
3 573 480 
2 572 515 
2 670 067 
5 
1 
1 
1 
1 
2 
1 
4 
3 
6 
2 
3 
1 
2 
4 
1 
4p4 S g - 4p3 ( S ) 7s H>2 1 169.035 .0682 
*P \ -2 4p
3
 ( S ) 7a S g 1 189.168 •0035 
1 
2 
1 
1 
3 
2 
1 
176*366 4 567 003 
176*534 3 566 463 
177*521 3 563 314 
177*005 4 562 098 
177*975 2 561 877 
178*178 2 561 237 
178*433 4 560 434 
178.592 4 559 935 VI 
179*091 2 558 375 
179*494 2 557 122 
180*163 2 555 053 
180*858 2 552 920 
181*279 10 551 636 V 
18*.522 5 .550 897 
181.56$ 8 550 758 
18l,fm 2 549 122 
182.602 8 547 639 VI 
183*316 2 545 506 
183*482 5 545 013 
183*597 5 544 671 
184*179 3 542 950 
184*229 2 542 803 VI 
184*541 2 541 870 
184*707 2 541 398 
184*730 2 541 331 
185*469 8 539 174 V 
186*437 4 536 374 VI 
4 
3 
4P4 \ - 4p3 (S) 6s \ 
4p 5 \/2 ~ * * ^ 7 8 \ 
4p4 \ - 4p3 (S) 6s *P 
4p4 \ - 4p8 (2P) 6s \ 
178*952 .0205 
182*487 .0047 
182*093 .0061 
184*504 .0283 
4p5 Vt - 4p4 (S) 7s 2S. 2 186.666 *0093 
4p4 h>0 - 4p8 (%) 6s V 1 186*8*4 .0366 <* 2 
186*780 
186*843 
187*484 
187*526 
188*030 
188*207 
188*275 
188*400 
188*564 
188*662 
188*750 
188*825 
189*291 
189*822 
189*894 
190*233 
190*264 
190*568 
190*837 
190*945 
191*225 
191*366 
191*70^2 
191*754 
8 
10 
2 
2 
2 
10 
2 
2 
2 
8 
7 
3 
2 
2 
2 
2 
2 
15 
15 
3 
2 
5 
10 
15 
535 389 V 
535 209 
533 379 
533 259 
531 830 
531 330 
531 138 
530 786 
530 324 
530 048 
529 802 
529 591 
528 287 
526 809 
526 610 VI 
525 671 
525 586 
524 747 
524 007 
523 711 
522 944 V 
522 559 VI 
V2 V* \ / » - 4 * 4 (ls> M \/o 8 184*509 . 
5 
1 
1 
1 
4 
1 
2 
1 
1 
3 
1 
3 
1 
1 
2 
1 
4 
4 
1 
2 188*782 
OQOp 
4 p 4 **t - 4 p 3 fr>) 6 s h>2  189*979 *0223 
4P5 \ - 4p4 ft) 6d \ / 2 
4p4 % - 4p8 (%) 6. \ 
521 643 V 4p5 \ / z - 4p4(S) 7a \ / z 
521 502 V 4p8 \ / 2 - 4p4(1D) 7a \ ^ 5 
•0005 
1 191*875 . 0 1 4 2 
4 191*670 
200*911 
»0000 
•0028 
4 3 3 2 3 
* also designated as 4p P - 4p (T)) 6a p 
191*892 
191.967 
192.083 
192.155 
193.004 
193.207 
194.018 
194.493 
194.653 * 
194.954 
195.001 
195.127 
195.242 
195.374 
195.932 
196*010 
196.155 
196.216 
196.388 
196.657 
196.612 
196*846 
196*999 
2 
4 
4 
50 
4 
3 
3 
3 
2 
3 
20 
3 
10 
2 
50 
40 
2 
2 
2 
20 
20 
3 
5 
521 126 
520 923 
520 608 
520 413 
518 124 
517 580 
515 416 
514 157 
513 735 
512 942 
512 818 
512 487 
512 185 
511 839 
510 381 
510 178 
509 801 
509 642 
509 196 
508 758 
508 616 
508 Oil 
507 617 
V 
V 
VI 
VI 
VI 
VI 
VI 
V 
VI 
V 
VI 
1 
2 
2 
6 
4 
1 
58 
4p6 2P3 j2 - 4p4 (S>) 6d ^ / g 3 193.J .0003 
4p5 *P£/2 - 4p4 ( S ) 6d S 5 / 2 3 193*830 .0004 
4p4 \ % - 4p3 ( S ) 6s *D2 1 194.852 .1901 
1 
4p4 \ - 4p3 (*D) 5d ^ g 5 194.550 *0000 
1 
4 3„ _ 3 /4„v ^ 3, 4p 3P g - 4p3 (*S) 6* 8± 5 195.460 .1292 
4p4 S 2 - 4p3 (%) 6s 3D3 2 194.314 . 0 0 0 ^ 
4p4 3 P 2 - 4p3 ( S ) 6d *?. 6 198*520 .0003 
4p5 ^ g ^ - ^ P 4 ^ ^ 7s h± ,% 1 196.402 .0170 
2 
4p4 h>2 _ 4p3 (*!>) 6s *D± 3 196.850 .0067 
4p5 ^ A - 4 ? 4 (**>) 7 s \ / 2 2 1 ^ . 2 8 6 .0295 
5 
6 
4p4 hQ - 4p3 (*p) 6s 1P 1 4 196.212 .0617 
5 
f also designated as 4p4 3 p g - 4p3 (%) 6d *F3 
* • » " 4p4 3PX - 4p3 (2P) 5d h>2 
198.031 
198.283 
198.725* 
* 
196.760 
199.189 
199.413 
199 .7M 
199.789 
199*848 
200.009 
200.087 
200.246 
200.328 
200.395 
200*545 
200.918 
201.003 
201*055 
5 
3 
3 
2 
3 
4 
2 
2 
2 
3 
10 
4 
5 
10 
10 
5 
20 
7 
504 971 
504 381 
503 208 
503 119 
502 036 
501 472 
500 613 
500 528 
5oo 38o 
499 976 
499 783 
499 386 
499 181 
49Q 014 
498 641 
497 715 
497 505 
497 376 
V 
VI 
VI 
V 
VI 
V 
VI 
VI 
V 
VI 
V 
V 
V 
201.083 30 497 307 V 
59 
4p5 2P„ / o~4p4 (3P) 6d \ / „ 4 198.417 .©001 3/2' 3/2 
4p4 1SQ - 4p3 (h) 6s \ 1 199.014 .0073 
4p* 3Pj - 4p3 (2P) 5d \ 3 198.632 .0011 
4p5 ^g/jfV <3P) «d \ / 2 4 1 9 8 * 8 8 1 •O00! 
4p4 \ - 4p3 (4S) 6« \ 8 199.578 .0493 
4p8 \/o-4l>A (SP) 6d \ / 9 4 199.263 . 3/2 5/2 •0000 
2 
4p4 S 8 - 4p3 (2P) 5d 3 P 2 2 199.663 •0004 
4p4 3PQ - 4p3 (%) 5d 1P. 4 200.680 *0004 
4p8 ^ / a - ^ p 4 (4i>) 6d 2 S t / 2 1 199.059 .0001 
4p4 \ - 4p3 {h) 5d \ 
4p5 \ / 2 W (3P) 78 2P l /2 
*** \f«A >^ 6d S/l 
4p6 8 p 3 / 2 - 4 P 4 P ? p ) 7 s 4 p 5 / 2 8 2 0 0 * 9 1 ! -O0 2 8 
5 199.211 .0003 
4 
3 201.251 .0209 
3 200.618 .0562 
2 202.845 .0008 
4 3, I also designated as 4p' MPQ _ 4 p 3 ^ M 3p 
4
*
5
 S/l"*4 (3p) M \/l 
4p5 \ / 2 V (3P) 6d %>6/2 
* « 
201.168 20 497 122 VI 4p4 3pQ - 4p3 (2p) 5d ZJ)± 5 202.703 .0004 
201.220 2 498 908 VI 4p4 3P - 4p3 ( p) 5d V 2 202.708 ,0000 
201*404 3 490 387 3 
201*051 5 495 900 1 
202.407 10 493 908 5 
202*688 5 493 418 1 
202*790 50 493 121 7 
202*883 35 492 895 V 4p5 S j / g - 4 * 4 (3P) 0d ^ A 
203.043 
2 0 202*850 »0002 
50 492 507 V 4p8 \/f*P* (*p) •* ^3/2 6 2<>3»367 .0008 
203.221 4 492 075 1 
203*784 5 490 718 4 
203*931 
204*000 
204,083 2 490 117 
50 490 302 V 4p5 ^ g / , - *P* (*P) «<* ^ g / o 7 203*740 *0000 
2 490 182 VI 4p4 *I>2 - 4p3 ( S ) 5d *F3 2 203.772 *0048 
204*123 2 489 901 1 
204*299 2 489 479 2 
204*442 2 489 138 2 
204*904 8 487 891 5 
205*087 10 487 598 4 
205*728 2 486 079 V 4p8 S j / ^ p 4 (*S) 08 ^ i^ 1 205*523 *0125 
205*482 20 480 001 8 
205.994 10 485 451 3 
206.120 
206.172 
206.228 
207.593 
207.904 
208.140 
208.733 
209.389 
209.961 
210.124 
210.180 
210.785 
211.144 
212*318 
213.849 
213.891 
214.048 
214.266 
216.044 
216.069 
215.309 
215.894 
8 485 154 VI 4p4 8 P 2 - 4p8 (4S) 5d \ 2 
61 
5 206.032 .0006 
3 485 032 V 4p8 *B%/2*-4P4 ( M *• 4*3/2 2 20&»8S° .0032 
4p6 *P% / 2-4p 4 (3P) 6d %zj2 " 1 207.811 .0001 
1 
3 484 900 V 
4 481 712 
4 480 991 
2 480 446 V 4p5 ^Jf*?* (3P) •* H% u 8 208.033 .0000 
479 081 
30 477 580 
10 476 279 
10 475 909 VI 
3 475 783 VI 
8 474 417 VI 
8 473 610 V 
8 470 992 V 
4 
2 
5 
8 
15 
5 
7 
467 620 
467 528 
467 185 
466 710 
465 021 
464 967 
464 449 
463 190 
*P4 \ - 4p3 <4S) 5d \ 
* 4 3,„, . 3 /4_v _. 3_ 4p P t - 4p ( S) 5d J>± 
4p4 \ - 4p3 (4S) 5d _ a 
4p5 2 P I / 2 - 4 P 4 (**) «» \ / 2 
2 
3 
2 
4 
4 
5 
4 
1 
2 
1 
2 
1 
2 
4 
210.094 
210.098 
210.dll 
210.839 
212.393 
•0007 
•0004 
•0000 
•0254 
•0031 
62 
216.099 2 462 781 ! 
216*204 4 462 526
 t 
2 
1 
2 
216*778 
tl<5.892 
217*807 
217*408 
217.66* 
217*855 
218*126 
219*156 
219*266 
219*343 
219.894 
220*599 
220*651 
220*766 
221*714 
222*096 
222*169 
222*285 
2 
3 
2 
20 
25 
8 
2 
2 
3 
30 
3 
2 
10 
10 
30 
10 
8 
3 
461 301 
461 059 
460 178 
459 965 
459 635 V 
459 021 V 
458 461 
456 296 
456 067 
455 907 
454 765 
453 311 
453 204 
452 968 
451 032 
450 256 
450 108 
449 873 
4 p 5 2 p 3 / 2 ~ 4 p 4 ^ 6 s \/2 8 2 1 7**«° •*><>» 
4P6 \/2~4p4 ( l g ) M \ / 2 7 2*7*871 ^0092 
1 
1 
1 
6 
1 
1 
6 
5 
4 
6 
1 
222*382 2 449 677 2 
222*582 40 449 273
 6 
63 
222*823 
223*036 
223*180 
223*664 
223*783 
223*856 
224*296 
224*564 
224*724 
224*949 
225*155 
226*577 
40 
3 
2 
25 
2 
25 
2 
15 
15 
2 
10 
5 
448 787 
448 358 
448 069 
447 299 
446 861 
446 716 
445 839 
445 307 
444 992 
444 545 
444 138 
441 351 
V 
V 
V 
V 
V 
V 
V 
226*803 
226*957 
227*293 
227*903 
228*739 
228*943 
229*334 
229*408 
2 440 911 
2 440 612 
10 
4 
25 
4p5 % / 2 - 4 p 4 (3P) 6s \ / 2 1 222*941 .0459 
4p6 % / 2 - 4 P 4 fa) 6s 2 P 3 / 2 3 223.932 .0014 
4p5 2P± / 2 -4p 4 fa) 6s S g / 2 7 223*142 *0796 
1 
4p5 2P3/2"4^4 fa) 6 d ^ 5 / 2 8 223.995 .0120 
1 
4p5 ^ g / g - 4 ? 4 fa) 5d S g / 2 8 224*586 .0087 
4p5 % / 2 - 4 p 4 (8P) 6s S t / 2 8 223.757 . 0 ^ 0 
1 
4p8 ^ g / ^ 4 (1D) 5d h^u 7 224*922 *0186 
5 
439 961 VII 4p3 ^>g/2-4p2 fa) 5s V , 6 227.783 .0086 
438 783 
437 179 V 4p5 2 P , / o - 4 p 4 (3P) 6s \ / t i 9 228.502 • 
436 790 
g2"""*p V rf os r g / 2 , w a«w»o"a *1432 
3 436 045 
25 435 905 V 4p5 h±/2"4p4 fa) 6s ^ / g 9 229*210 *0555 
* also designated as 4p5 S g / g - 4p4 fa) 6d S /g 
229*520 
229*761 
229*842 
229*970 
230*065 
230*169 
231*098 
231*195 
231*658 
231.733 
231*778 
231*932 
232*315 
232*924 
233*206 
233*235 
233*584 
233*660 
233.845 
233•924 
234*724 
8 
4 
8 
40 
40 
2 
10 
50 
8 
2 
3 
8 
3 
8 
8 
8 
25 
3 
6 
3 
2 
435 692 
435 235 
435 081 
434 839 
434 660 
434 463 
432 717 
432 535 
431 671 
431 531 
431 447 
431 161 
430 460 
429 325 
428 805 
428 752 
428 112 
427 972 
427 634 
427 489 
426 032 
V 
IV 
V 
V 
IV 
V 
V 
V 
V 
64 
4p5 2 P 3 / 2 - V <3P) «• \ / 2 5 229*316 # 0 0 7 2 
4a2 4p6 \ - 4a 4p6 5p \ 2 
4p8 \/f*P* <*&) M \/2 6 2 2 9 » 9 0 6 * 0 1 2 9 
4 p
5 2 P l / 2 - 4 p 4 (*D) 5d S 3 / , 2 9 229.580 ,0192 
4p® 1SQ - 4p5 (2P) 6d 1P1 9 235.801 .0084 
1 
4p5 \/2-4P* ( M M 4 P 5 / 2 7 231*373 *0018 
4p8 \fa-*?4 (3P) «• \ / 2 9 230.172 .0061 
4p5 \/2~4j>4 ( M M \ / 2 5 ^ ^ O 4 *00** 
2 
P3/2" 
3 
4p5 2 P , / 9 - 4 p 4 (3P) 5d 4P 3^ 2 5 232*102 *6020 
1 
4 
2 
3 
7 
1 
4 
1 
1 
•l.o designated as 4p5 2P3/2 - 4p4 (3P) 5d h ^ 
231*385 
236*213 
* 
238*233 
65 
235*249 20 425 082 IV 4s 2 4p6 1S ( ) - 4s 4p6 5p 9p± 10 
10 424 836 IV 4p6 1SQ - 4p5 ( S ) 6d ** 9 243*333 •0106' 
235*408 5 424 794 1 
235*446 
235*772 
235*819 2 424 054 
5 424 726 V 4p5 \/2"^4 (**) «« \ / 2 3 ***«»°»* .0076 
8 424 139 V 4p5 ^ ^ - ^ P 4 ( 3 p ) M \ / 2 7 236*8<J3 •*>*•• 
236*101 2 423 548 
236*160 3 423 442 
236*180 3 423 406 1 
8 423 347 V 4p5 2 p 3 / 2 - 4 P 4 (3P) 5d S g /g 7 235*772. .0096 
3 422 617 IV 4p6 1S ( ) - 4p8 (*P) 7s 1 P 1 » 235*215 *0133 236*621 
236.853 2 422 203 
237.141 2 421 690 
237.197 3 421 590 
2 419 757 VII 4p3 S±/2-4p2 (3P) 5s %x ,& 1 239.039 .2137 
238.436 2 419 400 1 
238.483 3 419 1*7 2 
238.672 2 418 985 4 
238.847 10 418 678 1 
239.852 8 416 924 V 4p5 ^ / s f ^ p 4 (3P) »d ^ / g 8 239*234 .0000 
• also designated as 4p5 Z\u " *p 4 (*P) 5d 2P, 3/2 
240*008 
240*009 
240.140 
240*270 
240*363 
240.779 
240.929 
241.057 
241.210 
241*274 
241.360 
241-699 
242.2606 
242*305 BEE 
242*500 
242*614 
242.707 
242*840 
243*138 
243*153 
243*763 
243.836 
3 
10 
2 
3 
2 
2 
8 
8 
2 
3 
10 
3 
4 
8 
2 
50 
2 
2 
20 
4 
15 
2 
416 653 
4T6 495 
416 424 VII 
416 196 
416 037 VI] 
415 319 
415 060 
414 840 
414 577 
414 407 
414 319 
413 738 
412 769 
412 703 IV 
412 371 
412 177 VII 
412 019 VII 
411 794 
411 294 
411 264 
410 234 
410 112 
V** P5/2 
66 
3 
3 
3 240*491 .6626 
6 240.9 59 «2911 
8 
1 
2 
7 
4p6 1SQ - 4p5 (2P) 7s *P 8 242*087 .0238 
4
*
3
 \ / 2 " 4 p 2 ( l D ) 5 8 3/2 9 243*556 *0831 
4p3 % / 2 ~ 4 P 2 (*I>) 6» S 8 / 8 1 241*806 ,2379 
6 
1 
67 
24S.914 8 409 981 2 
243*958 20 409 906 5 
244*060 8 409 735 7 
244*578 2 408 868 1 
246.000 1 408 1M VH 4,S S ^ - V (Si) 6. \ / s , ^ ^ ^ 
245*261 2 407 729 1 
7 
6 
245*463 
245*834 
245*983 
246*018 
10 
8 
2 
2 
407 393 
406 779 
406 532 
406 474 2 
246.140 3 406 273 VII 4p8 ^ g / ^ P 2 (3P) 5s ^ ,% 1 248*815 .2513 
246*379 50 405 879 8 
246*568 10 405 684 5 
246*567 7 405 569 3 
246.629 4 405 467 2 
246*666 40 405 407 8 
248*064 4 403 122 4 
248*566 8 402 308 4 
249*098 4 401 448 1 
249*982 5 400 029 1 
251*019 3 398 376 2 
251*042 4 398 340 6 
251*220 8 398 057 6 
252*711 2 395 7 Op 1 
252*914 7 395 391 1 
253*944 3 393 788 VII 4p3 ^ g / ^ P 2 ( 3 p ) *» **6/2 * S54*08^ »9012 
254*707 5 392 608 1 
255.484 10 391 414 IV 4p6 1 8 Q - 4p6 ( S ) 5d 1 P J 9 265*064 *0634 
255*761 40 390 990 8 
255*931 5 390 737 2 
256*057 7 390 538 $ 
266.356 7 390 083 VII 4p3 ^>j / 2 " *P 4 
256.447 8 389 944 VII 4p* S j g / ^ P 2 (3P) »• ^» 8 / 2 3 256*974 *1309 
256*759 45 389 470 VII 4p3 2Pg/2*^P2 (*») 5S ^^U T 257.990 .6927 
258*108 2 387 435 3 
258*848 2 386 327 1 
259.027 10 386 060 VII 4p3 *f>z/f*PZ ( 3 p ) »« ^ g / g 8 258*235 .0256 
269*099 10 385 953 VI 4p 4 3 P g - 4p3 ( S ) 5s 3 P 2 9 258*623 *1128 
259*220 3 385 773 4 
269.457 25 386 42«0 VII 4p3 ^ / ^ P * (*I>) 6B S g / 2 8 258*961 .1855 
259.628 7 386 166 1 
269.958 8 384 678 4 
260.048 2 384 544 IV 4p° \ - 4p* (2P) 5d \ 4 2 7 3 - 2 1 8 • < * * 
260*154 2 384 388 1 
260*232 
260.263 
260*683 
260*798 
260*830 
3 
2 
25 
10 
2 
384 272 
384 227 
383 608 
383 439 
383 392 
261*860 
262*012 
262*320 
262*683 
263*152 
263*326 
283.714 
263*734 
264*255 
264*306 
264*376 
VII 4p3 \ / j f 4 p 2 <3p) 5 . \ / % % ^ ^ ^ 
261*157 3 382 911 2 
261*624 7 382 228 VII 4p3 % / 2 - 4 P 2 (**) «• % / 2 6 * •*•«» •MSS 
261*705 5 382 110 6 
381 883 
2 381 662 
2 381 214 
2 380 687 1 
5 380 009 VI 4p 4 3 P g - 4p3 ( S ) 5s 3P 6 262*502 *0379 
3 8 379 757 
379 199 
V2-
10 379 170 
3 378 422 VII 4p3 \
 /o-4p2 (3P) 5s \ 
5 378 349 
8 378 249 
3/2 3 263*828 *2458 
3 
214.511 18 378 056 
264*646 REE 20 377 863 IV 4p6 1SQ - 4p5 (*p) 6s *P 
264.680 12 377 815 VI 4p4 3P - 4p3 I ' B" *i 
7 2«fc.«4X *0tft8 
2 263*690 .0078 
n 
265*285 
265*563 
285.665 
266.112 
266*501 
266*554 
266*888 
287*488 
267*669 
267*768 
267*857 
268*775 
270*693 
270*784 
270*864 
2 7 i a 4 6 
271*211 
271*558 
271*800 
272*037 
2 
4 
4 
7 
30 
IS 
8 
4 
5 
4 
2 
2 
40 
10 
6 
8 
8 
10 
2 
b 
376 953 
376 558 
376 428 
375 358 
375 233 
375 159 
374 689 
373 849 
373 598 
373 458 
373 334 
372 058 
369 422 
369 298 
369 189 
368 805 
388 717 
368 245 
367 918 
367 597 
VI 
IV 
vn 
VII 
VI 
VI 
VI 
,
 4
 K A 3 
4p Pj - 4p 
6 1 5 4p° x 8 0 - 4p° 
*P3 \f** 
4P3 S j / r 4 » f 
4p* 3 P 0 - 4p3 
. 4 3 . . 3 4p P1 - 4p 
A 4 K A 3 i 
4p Pj - 4p { 
<2P) *» \ 
<2P) 6d \ 
(3P) »• \ / 2 
<^> 5 S % / 2 
(2P) 6s 3 P t 
(*P) 5 . ^ 
(2P) 5s 3PQ 
1 
3 
3 
2 
10 
6 
1 
5 
1 
1 
2 
3 
9 
9 
1 
1 
6 
7 
1 
1 
! 
265*881 
278*253 
268*431 
268*590 
269.976 
269*982 
270.840 
•2901 
•0007 
.1578 
•18oo 
•2046 
.0870 
.1143 
272*219 367 351 
/ • > 
272.312 .5 0 367 226 VII 4p3 \/2~*p2 (3P) 5s S f t u 7 273.094 4)004 
272*363 2 367 157 
71 
1 
272.4 11 50 367 092 VII 4p3 S^/ 2 ~4p 2 (3P) 8s Z\u « 273.363 #0039 
272*997 2 366*304 1 
273.030 HEE 30 366 260 IV 4p *S0 - 4p5 (h) 6s 8P 9 2^.^43 *09§8 
273*695 30 365 370 0 
3 364 970 VI 4p4 *D2 - 4p8 (2p) 5s *p 3 273.084 .4236 
3 364 628 4 
60 362 849 VI 4p4 3 P 2 - 4p3 f2!)) 5s *D 10 274*944 .7298 
20 362 394 VI »p4 hf 4p3 (*P) 5s 3Pg 9 275.524 .2776 
3 361 766 5 
2 359 344 3 
40 359 244 VI 4p4 3 P g - 4p3 (%) 5s \ 11 277.810 .4203 
2 357 121 6 
8 356 449 VI 4p4 V , - 4p3 (*P) 5s h 10 279.930 .1228 
5 355 535 VI 4p4 *P - 4p3 (*D) 5s *D 10 280.159 .1015 
2 352 187 3 
284*115 3 351 970 4 
285*658 2 360 069 1 
286*451 7 349 100 4 
273 
274, 
275, 
275, 
276, 
278, 
•996 
.252 
.597 
.943 
.422 
.285 
278.362 
280.017 
280. 
281. 
283* 
,545 
266 
940 
* also designated as 4p 3P 2 - 4p (^>) 5s %D 
72 
286*926 
287*026 
288*335 
288*840 
289*067 
30 348 522 VI 4p 4 3 P 0 - 4 p 3 ( S ) 5s ^> 
30 348 402 VI 4p 4 **t - 4p 3 ( * D ) 5s \ 
3 346 819 
8 286*081 
8 286*088 
.0733 
•3037 
2 346 212 
3 345 941 
289.179 KE 5 345 807 V 4p 5 V / j f ^ p 4 (*S) 5s % , 5 288.695 »0721 
289*236 
289*891 
290*337 
290*585 
291*653 
291*803 
291*899 
292*438 
293*981 
294*168 
294*737 
294*979 
5 345 738 
2 344 957 VI 
2 344 427 
2 344 133 
4 p 4 3 P 2 - 4p 3 (%) 4d *Fg 2 289* 706 .0538 
290*759 Kn *A* QO'* rrT A- 3 w ^ - 3 '^„\ •*- $, 50 343 927 VI 4 p ' aPg - 4p° (*S) 5s \ 8 290.119 *7868 
290*838 2 343 834 2 
2 342 873 
50 342 697 VI 
4 342 584 VII 
4 341 953 
4 340 158 
20 
4 p 4 \ - 4p 3 (%) 5s \ 8 
4 p 3 \ / 2 - 4 p 2 ( 3 P ) 4 d 2 b 3 / 2 6 
290*887 1*2155 
289*303 • «0808 
6 
339 942 VII 4p 3 \/2~*J>2 ( 3 p) 4d S ^ 6 293*369 1*1560 
8 339 286 VI 4p 4 ^ - 4p 3 (%) 5s 3]>3 7 
3 339 007 4. 
294*124 .0547 
a lso designated as 4p 3P - 4p 3 ( S ) 4d 1 P 
73 
45 338 752 VII 4p3 ^>6/g-4p2 ( 3 p j *d V / g 6 293.055 .0359 295.201 
295.613 
297.090 3 336 598 2 
6 338 280 VI 4p4 1S<> - 4p3 (2p) 5a *P 5 294.230 .4030 
.0383 
•0088 
297.107 4 336 579 2 
297.174 2 336 390 2 
297.916 8 335 665 VI 4p4 S g - 4p3 (^)) 5s ^ g 6 297.177 
297*935 15 335 644 VII 4p3 ^ j / ^ 2 (*D) 4d ^ / g 3 296.126 
298.002 2 335 568 VI 4p4 S g - 4p3 ( S ) 5s ^ 2 297.283 .0309 
298.012 6 335 557 VI 4p4 3Pg - 4p3 (S) 5e 5 S g 3 298.514 .0275 
293.144 2 335 408 2 
298*533 15 334 971 8 
299.048 2 334 394 VI 4p4 3 P 0 - 4p3 ( S ) 4d S - 2 299.888 .0607 
299.500 2 333 890 4 
299.998 RE 45 333 336 V 4p5 ^ / g V (*S) 5s V / g 8 299.294 .1647 
300.115 45 333 206 VI 4p4 3Pj - 4p3 (4S) 5s 8S 7 299.283 .2632 
300.315 8 332 984 1 
301.837 3 331 305 3 
302.049 2 331 072 VI 4p4 *Dg - 4p3 (%) 4d 1PJ 1 300.547 ,3042 
302,180 5 330 929 6 
302.655 2 330 409 3 
* also designated as 4p4 3PQ - 4p3 (4S) 5s V 
It 
30S.254* 10 3 2 . 7 8 7 VI *,* \ - 4,* (h) * \
 l 3 0 u a l , 0 1 8 0 
303.463 
303*918 
304*053 
304*259 
304*503 
304*889 
305*305 
305*364 
305.424 
305*508 
306*029 
306*150 
306*258 
306*447 
306*662 
306*954 
307*091 
307.246 
5 
2 
4 
4 
2 
3 
35 
2 
2 
50 
10 
4 
8 
3 
2 
2 
2 
3 
329 529 
329 036 
328 890 
328 667 
328 404 
327 988 
327 541 
327 478 
327 414 
327 324 
326 766 
326 637 
326 522 
326 321 
326 092 
325 782 
326 636 
325 472 
>5/2-*P l**4*^/* 
2 
4 
5 
4 
3 
6 
3 
4 
7 303*814 14*8265 
1 
5 
2 
6 
also designated as 4p4 3 P O -4p 3 (4S) 4d V 
15 
307*362 
307.397 
307.497 
307*697 
307.866 
308*069 
308*423 
308*577 
308*659 
308.945 
309*086 
309*233 
309*301 
309*408 
309*490 
309*591 
309*666 
309.730 
309*849 
309*933 
310.138 
310*513 
3 326 360 
2 325 312 
2 325 206 
10 324 995 
2 324 827 VI 4p4 3Pj - 4p3 ( 4s) 5s h, 
2 324 603 
8 324 230 
324 324 068 
5 323 982 
2 323 682 VI 4p 4 h± - 4p3 (h) 4d *I>2 
10 323 535 
2 323 381 
2 323 310 
2 323 198 
2 323 112 
6 323 001 
45 322 929 VI 4p4 3Pg - 4p3 (4S) 4d %2 
45 322 862 
10 322 738 
2 322 650 
3 
2 308*225 
3 
6 
,0016 
3 309*691 2.0892 
3 
4 
1 
7 307*923 2*2807 
6 
7X 
2 322 437 VII 4p3 ^ / 2 ~ 4 p 2 (3P) 4d V , g 5 307*708 4*0938 
3 322 048 
76 
310*723 50 321 830 VII 4p8 Sg /g -^p 2 (3P) 4d S g / g 7 305*298 10*1389 
310*919 3 321 627 4 
4p 4 *D2 - 4p3 (%) 4d S ^ 4 311*081 16*0581 
1 
311*156 
311*283 
311*352 
311*551 
312*002 
312*100 
312.159 
312*437 
312*561 
312*584 
2 
2 
50 
50 
2 
10 
10 
5 
2 
8 
321 382 
321 261 
321 180 
320 975 
320 511 
320 410 
320 350 
320 065 
319 938 
319 914 
VI 
VI 
8 
4 1_ ._3 ,4„x ._ 3„ 311*558 .0080 
4 
4 
312*729 50 319 766 7 
•0055 312*897 BE 20 319 594 V 4p5 ^/f+P4 ( M 5s S g / g 7 311.823 
312*998 50 319 491 VI 4p4 3 P 2 - 4p3 (4S) 4d *D 8 312*892 14*1356 
313*055 50 319 433 7 
313*145 3 319 341 5 
313*239 2 319 245 1 
313.352*RE 45 319 130 V 4p5 *P./0-4p4 ( S ) 5s % f 8 312.309 tyl"* I °> os u5/2 6141 
* also designed as 4p4 3P0 - 4p3 ( 4 s) S> 
7? 
313*480 45 319 000 VI 4p4 *p - 4p3 (4S) 4d \ 8 313.903 2*4462 
313*656 10 318 821 0 
313*863 
313*993 
314.155 
314.239 
314.304 
314.394 
314.577 
314*704 
314.989 
315*109 
315*138 
315.221 
315*287 
315*384 
315*535 
315*692 
315*834 
315*990 
316*080 
2 
2 
20 
2 
2 
45 
2 
10 
5 
2 
2 
45 
45 
2 
2 
2 
3 
10 
2 
318 610 
318 478 
318 314 
318 229 
318 163 
318 072 
317 887 
317 759 
317 471 
317 351 
317 321 
317 237 
317 171 
317 074 
316 922 
316 764 
316 622 
316 466 
316 376 
4 
4 
ty«" Va 
I 
5 
8 
312*632 .7282 
5/2 r4p
2
 (S) 4d \ / 9 1 3/2 313.371 .4351 
   VII 4p3 ^ W ^ p 2 (3P) 4d V ^ 7 314*568 8*2066 
4 
4 
5 
6 
2 
y\^v\3 
316.175 45 316 281 VII 4p 3 \/2~4p2 (*S) 4d S ^ 6 314.316 
316.382 45 316 074 VII 4 p 3 ^ g A ^ P 2 (3P) 4d % , g 5 314.206 1 
316.515 20 315 941 VII 4p 3 V f e - ^ p 2 (*I>) 4d \ ^ 5 314.208 
316.596 2 315 860 2 
316.704 
316.778 
316.932 
317.054 
317.153 
317.23$T 
317.304 
317.415 
317.483 
317.739 
317.885 
317*983 
318.153 
318.229 
318.274 
318.395 
318.505 
318.596 
16 
3 
50 
3 
2 
2 
2 
2 
30 
45 
2 
10 
45 
45 
45 
- 2 
2 
10 
315 752 
315 678 
315 525 
315 404 
315 305 
315 222 
315 155 
315 045 
314 977 
314 724 
314 579 
314 482 
314 314 
314 239 
314 195 
314 075 
313 967 
313 877 
1 
5 
3 
2 
1 
3 
1 
6 
3 
5 
7 
5 
5 
1 
2 
5 
79 
318.996 2 313 484 1 
319.168 4 313 315 4 
319*470 10 313 018 VII 4p8 ^ g / g - ^ p 2 (*!>) 4d S j ^ 7 317*010 .0505 
319*546 2 312 944 3 
319.682 3 312 811 3 
319*781 45 312 714 7 
319*923 45 312 575 7 
320.024 45 312 477 7 
320*163 45 312 341 6 
320.249 2 312 257 2 
320.306 45 312 201 VI 4p4 \ ~ 4p3 ( 4 s) 4d %& 7 318.266 5*8317 
320*391 2 3i2 119 4 
320.474 BE 45 312 038 V 4p5 ^ / o - 4 ? 4 (3P) *d \ /g 7 311.366 .4415 
320*543 2 311 971 VI 4p4 1D g - 4p3 (4s) 5s 5 S g 3 321*260 .0001 
320*585 2 311 930 1 
320*614 2 311 902 VII 4p3 ^ / g - ^ P 2 (*S) 4d %^/g 2 318.359 .0181 
320.736 2 311 783 1 
320.886 3 311 637 5 
321.113 2 311 417 3 
321.192 2 311 340 3 
321*282 5 311 253 5 
321*383 5 311 155 5 
321*553 
321*695 BE 
321*827 
321*912 
321*954 
322*029 
322*107 
322*159 
322*312 
322*420 
322*563 
322*650 
322*761 
322*860 
323*015 
323*233 
323*379 
323*488 
323*565 
323*630 
323*689 
2 
40 
2 
4 
3 
2 
3 
2 
2 
2 
2 
10 
2 
45 
2 
2 
45 
8 
2 
2 
2 
310 991 
310 853 V 
310 726 
310 644 
310 603 
310 531 VII 
310 456 
310 406 
310 258 
310 154 
310 017 
309 933 
309 827 
309 732 
309 583 
309 374 
309 235 
309 130 
309 057 
308 995 
308 939 
<** V- 4 ' 4 (3p) *• V 
v V v (8?)* V 
2 
7 
5 
5 
1 
1 
4 
1 
1 
1 
1 
5 
2 
6 
2 
2 
7 
3 
4 
3 
3 
* also design* ed as 4p4 h>2 - 4p3 ( S ) 4d S g 
81 
323.748 12 308 882 VI 4p4 1S ( ) - 4p3 (%) 5s ^ 4 322.543 .0047 
323.881 45 308 755 VII 4p3 \/2~*p2 (3P) 4d S ^ 6 322.883 4.2406 
323.984 3 308 657 4 
324.122 2 308 526 2 
324.245 3 308 409 5 
324.389 45 308 272 7 
324.480 2 308 185 3 
324.608 25 308 064 VII 4p3 \ / 2 ~ 4 p 2 (1S) 4d V ^ 6 322.908 .2463 
324.673 3 308 002 3 
324.762 3 307 918 3 
324.968 30 307 723 7 
325.030 2 307 664 1 
325.070 3 307 626 4 
325.292 2 307 416 3 
325.332 2 307 378 1 
325.460 3 307 257 3 
325.534 3 307 188 1 
325.685 BE 45 307 139 V 4p5 \/g>**4 (*D) 6s \ ^ 7 324.225 .4957 
326.725 2 307 007 1 
325.834 10 306 905 VI 4p4 3P g - 4p3 (2P) 4d ** 5 326.697 .0545 
325.992 2 306 775 2 
326.028 3 306 722 1 
82 
326*116 
326*212 
326*252 
326*574 BE 
326*660 
326*785 
326*905 
326*999 
327*132 
327*217 
327*429 
327*617 
327*713 
327*816 
327*906 
327*999 
328*089 
328*228 
328.321 BE 
328.368 
328.532 
328.608 
3 
30 
4 
45 
3 
3 
50 
2 
2 
2 
5 
45 
2 
45 
3 
2 
2 
4 
45 
5 
45 
3 
306 639 
308 549 
306 512 
306 209 V 
306 129 
306 012 
305 899 
305 811 
305 687 
305 606 
305 410 
305 234 
305 145 VI 
305 049 
304 965 
304 879 
304 795 
304 666 
304 580 V 
304 536 
304 384 VI 
304 314 
?3/2 
7 325*732 .5161 
1 
3 
7 
1 
3 
3 
VII 4p3 \ / 2 ' ^ Z (3P) 4d \ , 2 1 325*987 6.9930 
7 
1 
2 
2 
4PB \ / o - V (3p> «• \ / o 7 327*672 .0076 3/2 1/2 
4p4 XSQ - 4p3 (%) 4d 1P1 7 326*388 4.6468 
328.670 45 304 257 
328.720 7 304 210 
328*793 10 304 143 
328.834 45 304 105 
328*910 4 304 035 
329*009 2 303 943 
329*153 4 303 RIO 
329.181 2 303 784 
329*432 1.0 303 553 
329*533 10 303 460 
329*625 2 303 375 
329.740 7 303 269 
329.847 7 303 171 
329.956 7 303 071 
330.014 2 303 017 
330*059 2 302 976 
330.085 4 302 952 
330.088 3 302 950 
330.139 2 302 903 
330.161 2 302 883 
330.226 2 302 823 
330*336 22 302 722 
84 
330.404 BE 25 302 660 V 4p5 S , / o - 4 p 4 (3P) 4d V / 9 7 325.070 1 . 3/2" V* .0967 
330.485 
330.549 
330.586 
330.634 
330.907 
331.018 
331.078 
331.105 
331.154 
331.258 
331.372 
331.444 
331.515 
331.647 
331.757 
331.862 
331.905 
331*969 
332.011 
332.128 
2 
2 
45 
2 
2 
10 
4 
2 
2 
7 
2 
10 
20 
3 
45 
2 
3 
2 
2 
3 
302 586 
302 527 
302 493 
302 449 
302 200 
302 098 
302 044 
302 019 
301 974 
301 880 
301 776 
301 710 
301 645 
301 525 
301 425 
301 330 
301 291 
301 233 
301 195 
301 089 
1 
VTI 4p3 V / 9 - 4 p 2 (*I>) U V / o 7 328.797 .9319 
'3/2 V2 
1 
6 
2 
1 
I 
6 
1 
   VII 4p3 ^ / g - 4 * 2 (*I>) 4d ^ 1 330.185 .7973 
1 
1 
2 
1 
2 
85 
332.223 3 301 003 2 
332.304 4 300 929 5 
332.487 4 300 764 6 
332.517 3 300 737 1 
332.636 6 300 629 5 
332.691 4 300 579 1 
332.312 4 300 470 3 
333.091 BE 45 300 218 V 4p 5 ^ g ^ - 4 ? 4 (3P) 4d ^>6 /g 7 322.520 15.0205 
333.199 2 300 121 2 
333.360 3 299 976 4 
333.377 2 299 961 1 
333.434 4 299 909 4 
333.532 4 299 821 3 
333.628 2 299 735 3 
333.671 2 299 696 1 
333.732 4 299 642 1 
333.801 RE 46 299 580 V 4p 5 ^ / 2 - 4 P 4 (3P) 4d ^Dg/2 7 323.731 9.3653 
333.875 2 299 513 2 
333.903 2 299 488 1 
334.034 10 299 371 VI 4 p 4 *T>2 - 4p3 ( 4 s ) 4d *Dg 6 332.183 1.1636 
334.151 3 299 266 1 
334.260 3 299 168 3 
86 
334*351 25 299 087 7 
334.457 2 298 992 1 
334.515 2 298 940 1 
334*579 3 298 883 1 
334.681 4 298 792 2 
334.801 2 298 685 1 
334.893 2 298 603 2 
334.914 2 298 584 1 
334.969 2 298 535 1 
335.006 2 298 502 1 
335.073 3 298 442 1 
335.144 HE 45 298 379 V 4p 5 ^U-*?4 ( 3P) 5s S g i% 7 333.878 .3222 
335.291 3 298 248 1 
335.380 15 298 169 5 
335.606 4 297 968 5 
335.689 3 297 895 1 
335.769 7 297 824 5 
335.877 2 297 728 1 
335.967 15 297 648 7 
336.182 45 297 458 6 
336.556 30 297 127 VI 4p 4 3PQ - 4p3 (%) 4d ^ 7 337.543 .8074 
87 
336.625 BE 50 297 066 V 4p5 ^ Pg/g-^P4 (**) ** 2P3/2 7 329«8«2 7*5661 
336.693 50 297 006 VI 4p4 8p - 4p3 (2D) 4d 98± 7 338*552 1*8644 
336.783 3 296 927 VI 4p4 3Pg - 4p3 (%) 4d 3Pg 1 338.007 1*6105 
336.841 2 296 876 2 
336.878 2 296 843 1 
336.994 6 296 741 VI 4p4 3Pg - 4p3 (%) 4d 8P 5 338.330 1.9770 
337.066 4 296 678 5 
337.172 2 296 585 2 
337.334 4 296 442 6 
337.456 2 296 335 4 
337.537 2 296 264 1 
337.737 4 296 088 4 
337.919 4 295 929 VI 4p4 *D2 - 4p3 (4S) 4d 3Dg 4 337.974 *0056 
337.999 2 295 859 1 
338.046 
338.094 2 295 776 
2 295 818 VII 4p3 *V / 2 " 4 P 2 (*D) 4 d 2 p i / 2 * 336.038 .0068 
338.160 2 295 718 
338.197 5 295 686 
338.262 10 295 629 VII 4p3 *S .g-4p2 (3p) 4d *P ,9 4 337.982 .0068 
Va-V (V 4d X/2 338.365 2 295 539 VII 4p3 %„ /„~4p2 (*D)  V / « 1 338.001 .0346 
338.482 25 295 437 
88 
338.694 2 %96 339 VII 4p3 \/£*P* (3*>) *d \ / z 1 333*163 .1039 
338.781 25 296 176 VIT 4p3 % / g - V < S ) 4d \ ^
 ? 3 3 7 # 6 7 8 8 # f B M 
338.909 3 295 064 4 
339*025 BE 40 294 963 V 4p5 ^/f^ (*») 4 d \ / a 7 3 3 7 « 5 5 6 1»«S4 
339.113 1 294 887 1 
339.186 2 294 823 
339.245 2 294 772 
339.359 3 294 673 
339.397 2 294 640 
339.501 2 294 550 
339.688 
339.848 
339.886 
2 294 388 
3 294 249 
2 294 216 
1 
1 
1 
1 
2 
2 
1 
340.021 „ 25- 294 099 V 4p5 % / 2 « V <**) «• S ^ ? 3 3 9 # m # 0 3 7 Q 
340.127 
340.197 
340.233 
340.295 
340.427 
340.498 
340.564 
2 294 008 
2 293 947 
2 293 916 1 
10 293 863 6 
10 293 749 V 4p5 \ i f ^ (**) &* \ / 2 • 348.411 
2 293 687 VI 4p4 1SQ - 4p3 (4S) 5s 3 S 1 1 339,415 .0000 
2 293 631 VII 4p3 \ f c V (S) 4* S 3 / 2 ± 3 3 7 # 9 4 8 1 - 4 5 5 8 
•0195 
340*628 4 293 575 
89 
340.681 
340*809 
340.934 
341*022 
341*218 
341*497 
341*714 
341*887 
341*969 
342*111 
342*347 
342*437 
342*516 
342*671 
342*754 
342*844 
342*964 
343*001 
2 
2 
7 
15 
% 
2 
45 
2 
4 
4 
4 
3 
2 
12 
4 
7 
2 
4 
293 530 
293 419 
293 312 
293 236 
293 068 
292 828 
292 642 
292 494 
292 424 
292 303 
292 101 
292 025 
291 957 
291 825 
291 754 
291 678 
291 576 
291 544 
2 
4 
  8  VII 4p3 ^ A f 4 * * (*D) U ^fe * 3 3 9 * 2 4 6 1«10*8 
2 
5 
 1  V 4p5 ^ A f * * 4 (3p) 5s 4 P w 2 5 341.395 .0061 
 6  VII 4p3 S ^ - 4p 2 (*D) 4d V ^ 5 341.072 3, 5096 
343*152 45 291 416 7 
343*282 2 291 306 1 
343*422 2 291 187 1 
343*613 45 291 025 7 
90 
343.714 2 290 940 1 
343.916 2 290 769 4 
344#458 4 290 311 _ 4 
344.589 BE 45 290 201 V 4p 5 9 \ / ^ ^ (3P) 4 * ^ / 2 7 338.571 2.7379 
344.726 2 290 085 2 
344.875 40 289 960 5 
345.067 3 289 799 VII 4p 3 ^ g ^ ^ P 2 (*S) 4d S g / 2 4 343*078 .3610 
345.488 4 289 446 VII 4 p 3 ^QU"4^ (**>) ** ^ A 4 343.302 »6939 
345.979 2 289 035 2 
346.303 2 288 764 1 
346.476 2 288 620 1 
346.844 2 288 314 3 
346.985 4 288 197 VI 4p 4 3 P g - 4p 3 ( 2 p) 4d *F 3 346.775 1.5445 
347.134 4 288 073 VI 4p 4 h± - 4p 3 (%) 4d 3PQ 4 346.548 1.1423 
347.356 2 287 889 VII 4p3 ^ g ^ " 4 ? 2 (**) 4 * V y g 1 345.693 .0124 
347.432 2 287 826 1 
347.849 2 287 481 1 
348.076 
348.396 3 287 030 
3 287 294 VI 4p4 3 p - 4p 3 (2p) 4d V 4 349.142 .0043 
348.465 10 286 973 
4 3 3 2 3 
a l so designated as 4p P , - 4p ( p) 4d Du 
91 
348*970 10 286 658 6 
349.053 10 286 489 VII 4p3 V J / J J - V (S>) 4d \ / 2 fi ^ ^ # m o 
349*347 2 286 248 2 
349*433 2 286 178 VI 4p 4 V - 4 P 3 ( S ) 4d 3 P g i 350.611 .2386 
849.601 * 25 286 122 VI 4p 4 3PQ - 4p3 ( S ) 4d *P 7 350.849 .5330 
349.649 t 20 286 001 V 4p5 ^ g / ^ p 4 (*S) 4d S g / g 7 350.712 .0011 
349.756* ^ 4 285 914 V 4p5 \t£*p4 ( M 5s ^ / g « 348.411 .0196 
350.082 2 285 647 VII 4p3 4 S 3 / 2 - 4 P 2 (3*) ** ^ > 6 / 8 2 350»303 .1126 
360.361 15 285 420 5 
360.492 2 285 313 VI 4p4 3 P g - 4p 3 (h) U %2 1 360.016 .0438 
350.991 2 284 908 3 
351.129 BE 10 284 796 5 
351.356 RE 10 284 612 V 4p6 *P fa"4** ( 3 p ) ** ^ 3 / 2 6 3 4 3 * 7 7 3 •1«W 
351.690 7 284 314 5 
351.821 2 284 235 1 
351.913 45 284 161 VI 4p 4 V , - 4p3 ( S ) 4d V 7 353.248 .0203 
& 1 
352.349 2 283 810 1 
352.440 2 283 736 3 
352.566 3 283 635 4 
* also designated as 4p3 ^ , % - 4p2 (3p) 4d S g ,% 
t • 4p4 3PX - 4p3 (%) 4d S t 
• " 4p4 3P - 4p 3 (2p) 4d \ 
92 
362-644 26 283 672 VI 4p4 \ - 4p3 <*P) 4d \ 1 352*1« .5165 
352*762 2 283 477 1 
362.838 2 283 416 * 
352.918 25 283 352 VI 4p4 \ - 4p3 (\) 4d \ 1 354.137 .0021 
353.064 2 283 236 3 
363.378 4 282 983 3 
353.500 2 282 885 2 
353.806 15 282 641 6 
353.985*BE 25 282 498 VII 4p3 \ f a - V ( S ) 4d \ / 2 1 388.531 .5490 
364*088 7 282 416 1 
,M.1»4 10 28* 33! Ti l V S ^ - V ( S ) 4d % , / 2 5 382.77. . .313 
354.717 20 281 916 T 
364.843 2 281 815 * » 
355.000 4 281 690 3 
355.130 45 281 587 6 
355.215 3 281 520 3 
355.568 BE 20 281 240 V _4p 5 % / 2 - V A ) 4d \ f % 7 356.342 .0825 
355.830 3 281 033 2 
355.871 BEE 45 281 001 IV 4p6 \ - 4p5 (2P) 4d 1P1 7 340.544 7-985T 
356.588 2 280 436 2 
also designated as 4p5 ^ / g - 4p4 (*D) 4d h± ,% 
359*268 
359*318 
359*991 
360*184 
360*386 
360*602 
93 
367.238 2 279 925 
357*276 2 279 898 
357*374 2 279 819 
367*708 2 279 558 
357*859 2 279 440 
357*899 3 279 408 
3 
1 
1 
3 
357*993 30 279 335 7 
358.863 2 278 658 VII 4p3 \/2-*P2 (*P) *d \ / 2 2 357*°29 *4246 
359*022 10 278 534 5 
359*144 2 278 440 
2 278 344 
2 278 305 
1 
1 
20 277 785 VII 4p3 S K / 0 - 4 p 2 (*D) 4d \ /- 7 357.295 
'5/2 7/2 
2 277 636 VII . 4p3 4 Sg/ 2 -4p 2 ( S ) 4d h ^ 1 358.901 
5 277 480 VI 4p4 3 P t - 4p3 ( S ) 4d 3 P 2 4 
.1074 
.0627 
359*949 .1364 
2 277 314 
360*848 2 277 125 
360*872 2 277 107 
360*937 2 277 057 
361*081 45 276 94f 
361*267 3 276 804 
1 
2 
7 
1 
361*437 2 276 673 
94 
361*636 
361.673 
361.760 
361.830 
362.093 
362.201 
362.337 
362.382 
362.662 
362.781 
363.016 
363.120 
363.186 
363.218 
363.283 
363.366 
363.564 
363*801 
363.834 
364.011 
364.460 
.4 3, .3 / 2 , 
2 276 698 
30 276 669 VI 4p* *P -4p° (*P) 4d "Pj 
2 276 434 
10 276 373 
3 276 172 
2 276 090 
7 362.501 .1125 
2 
6 
2 275 986 
3
 \/<T**2 (*») 4d S,/9 1' 361-346 .0097 
5 
2 275 952 VII 4p ^Vfe**1' \ *) ** "3/2 
5 275 815 
10 275 648 
2 275 470 
2 275 391 
2 275 341 
2 275 317 
3 275 267 
2 275 205 VI 4p4 3P - 4p3 (2p) 4A 3 P g 1 363.086 .3129 
2 275 062 
2 274 876 
3 274 851 
2 274 717 
2 274 379 
1 
1 
2 
1 
364.852 3 274 064 
95 
364*954 2 274 007 3 
365*073 2 273 918 1 
365*267 8 273 772 2 
365*294 8 273 752 2 
365*560 2 273 553 1 
365*654 8 273 483 6 
365*774 4 273 393 3 
365*869 2 273 322 VI 4p4 S g - 4p3 ( S ) 4d 8 P 2 2 367.466 .0525 
366.095* 2 273 153 VI 4p4 3Pg - 4p3 (%) 4d \ 1 365.730 .2059 
366.327 2 272 980 VII 4p3 % / 2 " 4 P 2 (3P) *d ^ / a 1 3***438 .1094 
366.502 8 272 860 VI 4p4 S j - 4p3 ( S ) 4d ^ 5 365*792 *4356 
367*030 2 272 457 1 
367.131 2 272*382 1 
367*891 5 271 820 5 
368*307 3 271 513 1 
368*531 2 271 348 1 
368*600 2 271 297 1 
369*326 2 270 763 1 
369.484 8 270 648 6 
* also designated as 4p4 S>2 - 4p3 ( S ) 4d 3?± 
96 
369*590 8 270 570 1 
369.742 3 270 459 3 
370*169 2 270 147 1 
370.243 2 270 093 VII 4p3, \/f*P2 (3P) ** \ / 2 * 369.604 *0321 
370*428 Rtt 45 269 958 IV 4p8 hQ - 4p5 {h) 5s H± 1 369.601 .3069 
371.100 % 269 469 1 
371.504 8 269 176 6 
371*649 2 269 071 3 
371*730 3 269 012 VII 4p3 \/f**2 (*») ** \ / 2 2 370.066 *4783 
371*763 2 268 989 2 
372.053 RE 35 268 779 V 4p6 \ ,g-4p4 [h) 4d %^ ,g 7 372.631 .1383 
372*332 2 268 578 1 
372.504 4 268 453 4 
372.715 2 268 302 1 
372.825 3 268 222 4 
373*053 25 268 058 7 
373.236 3 267 927 4 
373.541 2 267 708 1 
373.595 2 267 670 2 
373.899 8 267 452 6 
374.167 4 267 260 VII 4p3 \/£*P* (*P) *d % / 2 * 374.671 .0117 
374*263 2 267 192 1 
374.991 2 266 673 VI 4p4 S g - 4p3 ( S ) 4d %3 3 374.449 .0396 
375.276 46 266 471 4 
375.521 2 266 297 1 
375.683 4 266 182 3 
376.768 2 265 415 1 
376*890 2 265 329 1 
377.653 2 264 793 4 
377.871 3 264 641 VI 4p4 S>2 - 4p3 (%) 4d %2 2 377.852 .2044 
379.174* 15 263 731 VI 4p4 *Dg - 4p3 ( S ) 4d *P 6 380.665 .3119 
379.445 15 263 543 6 
379.829 7 263 276 3 
379.969 BE 40 263 179 V 4p5 % / 2 - 4 P 4 ( V 4d h^/2 4 380.906 .OSitf 
380.004 7 263 155 2 
380.118 2 263 076 1 
380.218 % 262 959 VII 4p3 V , - 4 p 2 (3P) 4 d ' V / 1 379.910 .0112 
'3/2"*P * *' " "5/2 
380.344 2 262 920 
380.389 2 262 889 
380.784 2 262 616 
380.874 15 262 554 VI 4p4 3P0 - 4p3 ( S ) 4d %x 5 380.402 .1767 
380.901 4 262 535 
381.697 2 261 988 
* also designated as 4p8 % .
 4 p 2 ,3p) 44 2 p 
3/2 \ 3/2 
382*068 
383.631 
383*641 
383*698 
884.171 
384*322 
384*362 
384.621 
384*803 
385*488 
385*516 
386.021 
2 261 740 VI 4p4 *D0 - *P8 (%) 4d 
4 260 735 
2 260 728 
3 260 690 
2 260 301 
3 260 198 
98 
1 381.704 .0390 
1 
1 
3 
4 260 178 2 
8 259 996 VI 4p4 h>2 - 4p3 ( S ) 4d \ 5 384.297 
2 269 873 VII 4p3 ^ 5 / 2 "* 4 P 2 ('*) ** **S/2 * 3 8 5 » 3 2 1 
2 259 411 1 
45 269 393 5 
2 259 063 1 
•0121 
.1922 
386*829 BEE 45 268 612 IV 4p8 XSQ - 4p5 (2p) 5s 3P 5 385.800 .2900 
386.967 
387.553 
387.910 
388*221 
388.383 
388*607 
388*772 
389*231 
389*376 
2 
3 
3 
2 
8 
7 
4 
2 
3 
258 420 
268 029 
257 792 
257 586 
267 478 
257 329 
267 220 
266 917 
266 821 
1 
VII 4p3 V / 9 - 4 p 2 (3p) 4d V / o 1 389.638 
'3/2 3/2 •0334 
VI 4p* *S0 - 4p3 (\>) 4d §S 1 389.493 .0233 
3 
1 
2 
389*691 2 256 614 1 
389*801 2 256 541 1 
390*010 2 266 404 2 
390*509 2 256 076 1 
391*204 8 255 621 4 
391*695 8 255 301 5 
391*755 15 255 262 2 
391.869 2 255 187 1 
391*967 2 255 124 1 
392*045 3 255 073 1 
392*187 2 264 980 VII 4p3 V / 2 - 4 P 2 (*») ** ^ 5 / 2 * 390.044 *0013 
392*307 2 254 902 II 
$92*547 8 254 747 3 
392*683 2 254 668 1 
3-93.209 2 • 254 318 3 1 
393*769 2 253 956 VII 4p3 %5/2 -4p 2 A») 4d S g / 2 3 396.473 .1243) 
394.047 6 253 777 6 
394*280 , 2 253 627 1 
394*712 15 253 349 5 
394.936 8 253 206 VII 4p3 ^>8/2"*4P2 (**) ** \ / 2 3 392»°25 .0089 
395.038 7 253 140 4 
395*555 15 252 809 5 
100 
398.053 2 252*491 2 
396*252 2 252 365 2 
397*170 4 251 781 2 
397*769 BE 15 251 402 V 4p5 ^ / ^ P 4 (3P) 4d h^ i% 5 398*462 .0134 
398*377 2 251 019 1 
399*526 2 250 297 1 
399*568 2 250 270 1 
400.287 2 249 821 2 
400.703 4 249 561 2 
400.787 2 249 509 2 
401*950 2 248 787 1 
402*102 7 248 693 3 
402.255 15 248 599 2 
402*299 3 248 571 1 
402*439 2 248 485 2 
402*532 6 248 427 3 
403*433 2 247 873 2 
403.456 BE 10 247 859 V 4p5 2 P g ,-*f ( S ) 4d %^,% 3 404.881 »0368 
403.911 20 247 579 VII 4p3 \ / 2 ~ 4 p 2 (3P) 4d Vy/g 3 401.668 .0108 
404*326 3 247 325 3 
404*427 2 247 263 1 
404.550 2 247 188 3 
101 
404*661 
404.781 
405*122 
405*771 
407*307 
407*535 
407*741 
2 
4 
8 
2 
2 
3 
9 
247 120 
247 Qfl 
246 839 
246 444 
245 515 
245 378 
245 254 
1 
3 
1 
3 
2 
2 
407*851 35 245 188 
408.814 2 244 610 VII 4p3 V / 0 - 4 p 2 (3p) 4d 4 p , / 9 2 408.740 .0321 
'3/2 3/2 
409*273 4 244 336 
409*321 HE 15 244*307 
410*500 
410.972 
412*521 
413*619 
413*721 
414*296 
414*426 
7 243 605 
2 243 326 
2 242 412 
15 241 768 
15 241 709 
3 241 373 
3 241 298 
VII 4p3 \ t f V <3P) 4d 4 F f i / 2 
4 411*360 .0155 
3 410*024 .0103 
3 
2 
3 
3 
414*487 25 241 262 3 
415*026 HE 35 240 949 V 4p6 \ / & - 4 p 4 ( S ) 4d \ . 5 416.230 . •0232 
415*624 4 240 602n 
416*516 2 240 086 
lot 
416.701 7 239 980 3 
416.775 239 239 938 
418.107 239 239 173 1 
418.181 BE 8 239 131 V 4p5 %/g"* 4 ? 4 (3P) ** ^z/2 4 4 1 9 ' 9 3 2 *°348 
418.250 6 239 091 2 
418.514 3 238 941 
418.594 BE 15 238 895 V 4p6 ^ g / ^ 4 ? 4 (3P) 4d A\u 4 422.050 .0486 
L/l 
419.429 40 238 419 
419.666 7 238 285 2 
419.796 BE 7 238 211 V 4p5 \ / 9 - * P 4 (3P) 4d Sm,m * 422.222 .0016 
420.047 15 238 069 
?9/2 3/2 
420.659 6 237 722 
420.746 BE 46 237 673 V 4p5 % / 2 ~ 4 P * (3P) 4d S^2 5 423.511 .0189 
424.922 4 235 837 VII 4p3 V t o f * * 8 (3P) 4d S%,% 1 423.922 .0092 
425.024 BEE 45 235 281 
426.156 
427.884 
428.171 
428.671 
428.756 
428.839 
428.901 
2 234 656 
8 233 708 
8 233 552 
8 233 279 
10 233 233 
8 233 188 
7 233 154 
IV 4p 1 S 0 - 4p5 (*p) 4d ^ 4 426.49;t3> .0*/$" 
1 
3 
4 
2 
428.936 
420*516 
430.065 
430.189 
430.221 
430.346 
430.583 
«.& 430.755 RE 
433.776 
435.121 
436.563 
436.733 
437.402 
437.652 BE 
439.983 
440.669 
440.733 
8 
35 
15 
7 
7 
35 
2 
15 
15 
15 
2 
2 
2 
7 
4 
4 
8 
473«101*BEE 50 
233 
232 
232 
135 
820 
523 
232 456 
232 439 
232 371 
232 
232 
230 
243 
151 
534 
229 821 
229 
228 
228 
228 
227 
226 
226 
211 
062 
973 
622 
492 
282 
928 
895 
372 
V 
VII 
V 
Vf 
4 p 5 \ / 2 ^ f1") « % / ! > 4 «^551 . 
, 103 
4 
5 
3 
1 
4 
1 
-Sfc-
OOl 5 
3 
4 
1 
4p3 2^Z/^V2 (3P) 4d %t ,2 1 436.354 .0080 
1 
4 p 5 2 p i / 2 ~ 4 p 4 $ > 4 4 3^2 3 4 3 8 , 6 2 6 »0238 
1 
1 
1 
4p6 1 S Q - 4p 5 (2p) 4& \ 1 474.798 .0020 
* This l ine was not observed on our spectrograms as i t f a l l s beyond our 
spectral r e g i o n . 
I <• Intens i ty 
n » Number of observations of the l i n e on d i f f e r e n t spectrograms. 
C • Theoret ica l ly predicted wavelengths and the corresponaing gf values { > 
(R.D. Cow an
 f r e f . 17, 18 and Pr iv . Comm.). 
REE • J* Reader, G.L. Epstein and J . 0 . Ekberg ( r e f . 56) 
RE » j . Reader and G.L. Epstein ( r e f . 55) 
10 
TABLE 6 .2 LEVELS 
Spectrum nd Levels ns Levels 
Predicted First ly Confirmed Predicted First ly Confi 
reported reported rmed 
Y IV 
(J-1 only) 5 
6 
7 
3 
3 
3 
4s 4p 5p ' P 
3 
2 
2 
2 
2 
2 
2 
YV 
5 
6 
7 
28 
28 
28 
28 
14 
12 
18 
8 
8 
8 
8 
6 
8 
YVI 
YVII 
5 
6 
7 
4 
5 
6 
7 
38 
38 
38 
38 
28 
28 
28 
28 
18 
25 
10 
10 
10 
8 
8 
8 
10 
7 
2 
8 
Total No. of Levels 84 21 45 10 
TABUB 6.3 TRANSITIONS 
10S 
Spectrum 
4p - nd 
Predicted First ly Confirmed 
reported 
4p - ns 
Predicted First ly Confirmi 
reported 
4 
6 
Y IV 6 
(J-O - 1 only)
 ? 
3 
3 
3 
3 
. 
3 
3 
4s 4pj - 4s 4p 5p 
*Srt ~ 1 , 3 P 2 
2 
2 
2 
2 
2 
y v 
5 
6 
7 
34 
34 
34 
34 
15 
16 
24 
14 
14 
14 
12 
10 
13 
Y VI 
4 
5 
6 
7 
97 
97 
97 
97 
47 
16 35 
35 
35 
30 
14 
4 
YVII 
4 
5 
6 
7 
97 
97 
97 
97 
57 
35 
35 
35 
20 
Total No. of Transitions 159 27 9fr 15 
iok 
TABLE 6 .4 
Wavelength 
X(A°) 
186.780 
1M.653 
195.374 
198*7a5 
198.760 
201.083 
223.564 
230.065 
236.621 
273.030 
290.759 
299.998 
303.254 
DOUBLY 
Spectra 
Y V , Y VI 
Y VI, Y VI 
Y VI, Y VI 
Y VI, Y VI 
Y V , Y VI 
Y V , YV 
T V , Y V 
Y IV, Y V 
Y IV, Y V 
Y IV, Y VI 
Y V I , Y V I 
Y V , Y VI 
Y V I , Y V I 
IDENTIFIED LINES 
Wavelength 
A(A°) 
313.352 
321.695 
344.589 
349.501 
349.649 
349.756 
353.985 
366.095 
379.174 
Spectra 
Y V , Y VI 
Y V , Y VI 
Y V , Y VI 
Y VI, Y VII 
Y V , Y VI 
Y T , Y V I 
Y V , Y VII 
Y V I , Y VI 
Y V I , Y V I I 
TABLE 6*5 IONIZATION POTENTIALS fern"1), 
10? 
Spectrum Configuration Previous Current 
Limit Limit 
Y IV 4 s 2 4p6 hQ - 4 s 2 4p 5 ^ / 2 488 750 REE 
489 360 
489 700 CZY 
Y V 4 s 2 4p 5 %3 . - 4 s 2 4p 4 3 P 2 6off 000 RE 604 700 
Y VI 4 s 2 4p 4 3 P 2 - 4 s 2 4p 3 1 S 3 / 2 719 150 CZK 720 100 
Y VII 4 s 2 4p3 ^Sg / 2 - 4 s 2 4p 2 3PQ — 830 000 
REE : Reader, Epste in and Ekberg (Ref* 56) 
CZY : Chaghtai, Zahid*Ali and Yadara (Ref. 15) 
RE t Reader and Epstein (Ref* 53) 
CZE : Chaghtai, Zahid-Ali and Khatoon (Ref* 13) 
TABLE 6.6 PRESENT STATE OF SPECTRAL ANALYSES IN Kr I - , Br I - . Se I - AND A» ft* SEQUENCES 
Kr I Rb I I «r I I I Y IV Er V Nfr VI Mo VII Tc VIII Ru IX Rk X Pd XI Ag XII 
A B A B B B B B C C S 
Br I Kr I I Rb I I I Sr IV Y V Zr VI Nb VII Mo VIII Tc IX Ru X Rh XI Pd XII Ag XIII 
A A C C B B B B D E » 
Se I Br II Kr I I I Rb IV Sr V Y VI Zr VII Nb VIII Mo 'JD^ Tc X Ru XI Rh XII Pd XIII Ag XIV 
C B B D B B C C C 
As I S e l l B r i l l Kr IV Rb V Sr VI Y VII Zr VIII Nb IX Mo X Tc XI Ru XII Rh XIII Pd XIV 
C D C E C E 
e=> 
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YTTRIUM SPBCT10M 1&J-UQX 
A SAMPLE OF COWAN'S THEORETICAL COMPUTATIONS 
APPENDIX-I 
- 1 , 
4p - 4p 56 TABIE 
S* No. T(Oa ) J4 
1 8178.100 
2 8178.100 
3 8178.100 
4 -4089.000 1 
5 -4089.050 1 
6 8178.100 
7 -4089 .050 1 
8 -4089 .050 1 
9 8178.100 
10 -4089.050 1 
11 -4089.050 1 
12 -4089 .950 1 
13 8178.100 
14 -4089.050 1 
TPCOT 1) 
295 195.110 
301 093.864 
302 911.789 
290 729.283 
295 195.110 
307 689.129 
301 093.864 
302 911*789 
316 605.540 
307 689.129 
316 106.701 
316 605.540 
342 297.180 
342 297.180 
J4p 
1 .5 
. 5 
1 .5 
2 .5 
1 .5 
. 5 
. 5 
1 .5 
1 .5 
•5 
2 .5 
1 .5 
.5 
•5 
NlKCm"1) 
287 017.01 
292 915*76 
294 733.69 
294 818.33 
299 284.16 
299 511.03 
305 182.91 
307 000.84 
308 427.44 
. 311 778.18 
320 195.75 
320 694.59 
334 119*08 
346 386.23 
Xu°) 
348.411 
341.395 
339.289 
339.192 
334.131 
333*878 
327.672 
325.732 
324.225 
320.741 
312.309 
311.823 
299*294 
288.695 
8 
•2579 
- . 1428 
- . 3718 
•3506 
-1*3762 
-1 .0261 
•1562 
1.2826 
1*2542 
—9397 
-1 .3701 
- .1291 
—6945 
•4512 
2 
8 
•0665 
•0204 
•1383 
•1229 
1.8938 
1.0528 
•0244 
1.6451 
1.5730 
•8831 
1.8771 
.0167 
.4824 
.2036 
g* 
.0195 
•0061 
•0416 
•0370 
•5792 
.3222 
. 0 076 
•5161 
•4957 
.2813 
•6141 
•0055 
.1647 
•0721 
11 
gkiSec"1) 
1.072 E • 09 
3.491 E • 08 
2.413 B • 09 
2.147 E + 09 
3.460 E + 10 
1.928 E + 10 
4.724 E + 08 
3 .244 E + 10 
3 .145 E • 10 
1 .824 E + 10 
4 .200 E + 10 
3*746 E • 08 
1*2.2 6E + 10 
5.767 E • 09 
APPENDIX - II (a) 
V, 
4p PURITIES 
PAKAMETEB VAUJES IN 10 3 Cm"1 
EIGEN VALOES Y V 4p 
8*178 
6 - Values 
•666 
BIGEJ5VECTOBS YV 4p5 
(h) 2P 1 1 •OOOOO 
Time « .30 
5 SCBJ4 - .5 
IB Coupling 
EIGEN VALDES Y V 4p 
-4.089 
G - Values 
1.334 
EIGEN VECTORS Y V 4p 
(2P) *P 1 1.00000 
Time - .30 
5 
5 
SCBJ4 . 1 . 5 
IS Coupling 
APIEHDIX - II ft) 
117 
4 4p 58 PURITIES 
EIGEN VALUES 
G - Values 
EIGEN VECTOBS 
(h) 2s i 
(3p) h 2 
(3P) 4P 3 
Par i ty • »925 
EIGEN VECTORS 
(*S .0 ) 1 
(3P . 0 ) 2 
(3P 1.0) 3 
Parity - .721 
EIGEN VECTORS 
•OK .0 1 
•OR . 0 2 
IcOK 1.0 3 
Parity - .721 
EIGEN VECTORS 
S . 0 1 
P 1 .0 2 
P . 0 3 
P a r i t y * »721 
XV 4p 5s 
342*297 307.689 
1.982 .730 
Y V 4p 4 5s 
•94234 - .21421 
- . 21677 - .97604 
•25495 - .03813 
•88801 .95266 
Y V 4p 4 5s 
•94234 - .21421 
333332 .53238 
- •02980 - .81895 
•88801 .67068 
Y V 4p 4 Ss 
.94234 - .21421 
.33332 .53238 
-•02980 —81895 
•88801 .67068 
Y V 4p 4 5s 
.94234 - .21421 
- . 02980 —81895 
•33332 .53238 
•88801 .67068 
Time » .37 
301.094 
2*624 
•25711 
- •01868 
- •96620 
•93355 
•25711 
—77812 
— 57309 
•60547 
•25711 
- •77812 
—57309 
•60547 
•25711 
—57309 
- . 77812 
•60547 
SC8J4 . . 5 
LS Coupling 
j j Coupling 
jjjK Coupling 
Is IK Coupling 
EIGENVALUES 
6 - VALUES 
Y V 4p 5s 
316.606 302.912 295.195 
•856 1.535 1.474 
118 
SCBJ4 - 1 . 5 
EIGEN VECTORS 
(*P) *? i 
(h>) % 2 
(3P) S 3 
Pari ty - .632 
EIGEN VECTOBS 
(3P 1.0) 1 
(*D 2 .0) 2 
(3P 2.0) 3 
Parity - .861 
EIGEN VECTORS 
l.OK 1.0 1 
2.0K 2.0 2 
2.0K 2.0 3 
Parity - .861 
EIGEN VECTOBS 
P 2*0 1 
D 2*0 2 
P 1.0 3 
Parity - .861 
Time -
YV 
-•31493 
•94588 
-•07832 
•89469 
TV 
•05707 
•94588 
- •31946 
.89469 
Y V 
ill 
•89469 
YV 
- .31946 
•94588 
.05707 
•89469 
•40 
4p 5s 
•66133 
•15950 
- •73294 
•53720 
4p 5s 
-•93907 
•15950 
•30449 
•88185 
4p 4 5s 
-•93907 
•15950 
•30449 
•88185 
4p 4 5s 
•30449 
•15950 
-•93907 
•88185 
-•68078 
'-•28262 
-•67577 
•46346 
- . 33896 
- •28262 
- . 8 9 7 3 5 
.80523 
- .33898 
- . 28262 
- .89735 
.80523 
- .89735 
—28262 
- .33898 
•80523 
IS Coupling 
j j Coupling 
-
j j jK Coupling 
ISLE Coupling 
119 
EIGEN VALUES 
G-VALUES 
EIGEN VEGFOBS 
(S) % i 
(*P) S 2 
Parity - .939 
EIGEN VECTOBS 
(*D 2.0) 1 
(3P 2.0) 2 
Parity - •939 
EIGEN VECTOBS 
2.OK 2.0 1 
2.0E 2.0 2 
Purity .939 
EIGEN VECTOBS 
D 2 .0 
P 2 .0 
Parity 
1 
2 
•939 
Y V 4p 6s 
316.107 290.729 
SCRJ4 - 2 . 5 
1.225 1*576 
Time 
Y V 
-.96878 
•24791 
•93854 
YV 
- .96878 
•24791 
•93854 
YV 
- .96878 
•24791 
•93854 
YV 
—96878 
•24791 
•93854 
•42 
4p 5s 
•24791 
•96878 
•93854 
4p 5s 
•24791 
.96878 
•93854 
4p 5s 
.24791 
•96878 
•93854 
4p 5s 
.24791 
•96878 
•93854 
IB COUPLING 
j j Coupling 
j j jK Coupling 
LSLK Coupling 
Average P a r i t i e s IS j j 
YV 4p6 1»000 1.000 1.000 1.000 1.000 1.000 
Y V 4p 5s •818 .828 
j j jK LSLK LSjE LSjLKS LSJLSJ 
1*000 
•828 .828 .000 .000 .000 
APPENDIX - I I I THEORETICAL PARAMETERS ( l O 3 Cm"1) 
Y IV 
A ft ft ft ft ft ft 
Config. 4p 4p 5s 4p 6s 4p 7s 4p 4d 4p 5d 4p 6d 
Parameters 
E (Ave) .00000 261.34960 371.18950 416.93810 228.80990 365.81460 414.85510 
^1 8.03300 8.13080 8.13620 7.79790 8.10890 8.14560 
^ 
0.50470 0.12310 0.05980 
p 48.67580 11.10220 4.84870 
6 6.14280 1.77060 0.79040 59.78810 7.35880 2.95780 
6 A 36.64420 5*10750 2 .8)10 2 
120 
B. y v 
Goofig. 4p 
Paraaetars 
_i 
E (Ave) .00000 
"ZL 8.17810 
t 
P 2 
6 1 
6 . 
4p 5s 4p 68 
306.73420 446.62220 
8.61950 8.73340 
65.10690 65.60380 
6.98800 2.09390 
4p 7s 4p 4d 
507.96310 246.73970 
8.76500 8.35690 
0.62560 
65.72570 64.30510 
53.09250 
0.95620 65.95700 
40.70800 
4p" 54 4p 6d 
430.78890 501.85140 
8.70270 8.74980 
0.17570 0.08700 
65.50220 65.66700 
14.00640 6*23000 
8.13260 3.22010 
5.90240 2.44960 
c. Y VI 
1?9 
J l 1^ - ' » 4 3 3 3 i^ ^ 3 
Config. 4p 4p 5s 4p 6s 4p 7s 4p 4d 4p 5d 4p 6d 
Parameters 
I 
E(Ave) .00000 350*93230 522*21910 600*97390 263*95610 495*25420 588*07080 
^ 8*79370 9*22860 9*35810 9*39610 8*94330 9*31850 9*37620 
^ 0.74070 0.23260 0.11700 
F 65*83080 66*93840 67.45690 67.59000 66*18840 67.32460 67*51540 
F 2 56.61180 16.74890 7.58220 
G 7.67380 2.38590 1.10810 70.80810 8.74580 3*41560 
G, 43.93850 6.59820 2*72960 
D. Y V I I 
3 2 2 2 2 2 2 
Conf i g . 4p 4p 5s 4p 6s 4p 7s 4p 4d 4p ft d 4p 64 
Paraneters 
I 
E(Ave) .00000 398.05390 601.21500 697.22310 281.55760 560.38260 677.76630 
^ 9.43250 9.86230 D.00800 10.05330 >.55590 9.96070 10.02900 
•n. 
X 0.85260 0.29220 0.14920 
F 67.71040 68.66020 6 .20080 69.34670 67.97410 69.04470 69.25710 
F ' 59.58160 19.30760 8.89580 
G 8.29420 % 65450 1.24920 74.85390 9.24250 3.57000 
G_ 46.64720 7.21320 2.97860 3 
CM 
a 
Ul 
UJ 
z 
3 
Yv 
4«*4^5J8 
WAVELENGTH (A°) 
2-0 
1-8 
1-6 
1-4 
1-2 
10 
•8 
6 
•4 
•2 
0 
350 
» 
» 
• 
» 
» 
i . . l 
330 310 
.—A. 
290 
. 1. 
270 
280 300 320 340 
WAVE NUMBER (»K) 
360 380 
Appendix. - I ? : Cowan's theore t i ca l sketch of the 4 p - 4 p 5s 
t r a n s i t i o n s . Line Strength ( Intensi ty) i s 
plotted against wave number (kK) with t h e i r 
corresponding wave lengths . 
